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(With Plate I.) 

It has long been a commonplace of meteorological hand-books, 
that the winter, or, as it is more frequently (but less accurately) termed, 
the north-east monsoon, is due to a reversal of those conditions which, 
in the summer season, set in movement a flow of air from equatorial 
regions towards the plains of Southern and Eastern Asia. But, beyond 
this general statement of fact, very little has been done towards working 
out the physical characteristics of this familiar phenomenon of the 
Indian winter ; and such vague conceptions as are implied in the popular 
theory, leave entirely unexplained the well-known occurrence of rain, 
about Christmas time, in Upper India ; a region, which, according to 
that theory, should then be the seat of a barometric maximum, the fount 
and source of the winter monsoon. ^ 

Since the establishment of a Meteorological Department under the 
(Jovemment of India, has rendered it possible to study the weather of 
India as a whole, from day to day, some insight has been gained into 
1 
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the phenomena which precede and accompany the cold- weather rainfall 
of Northern India. In each of the annual reports on the Meteorology 
of India, in recent years, two or three instances of this cold weather 
rainfall have been described and illustrated at some length ; and at the 
present time, although many important points still require further eluci- 
dation, it is at least possible to set forth some generalizations on the 
conditions which usher in the precipitation of the cold- weather rains, 
and on the probable source of the vapour which feeds them. 

The four charts on Plate I exhibit the average distribution of at- 
mospheric pressure in the months of November, December, January, and 
February. These charts, being based on the registers of duly verified 
barometers during the last seven years, corrected to a common standard 
and reduced to sea-level values from elevations, determined in all but 
a few exceptional instances, by actual spirit-levelling to the mean sea- 
surface, may be accepted as representing, with a near approximation to 
truth, the relative differences of pressure which characterize the winter 
months in India.* Certain characters common to all, may be regarded 
as distinctive of the season. The seat of highest pressure is in the 
neighbourhood of Peshawar. Whether this may be taken as indicating 
tliat the pressure on the highlands of Cabul is also greater than at similar 
elevations over the plains of India is, however, very doubtful. The 
situation of Peshawar on a plain of moderate extent, girt around with 
mountains, is such that the high pressure may be and very probably 
is a local effect of the cooled air, draining on all sides from the sur- 
rounding slopes and filling the basin from which its escape is much 
obstructed. A similar high pressure is shewn by some other stations 
near the foot of the N. W. Himalaya, of which Dehra is a notable 
example. The conditions of pressure at higher elevations over the 
Himalaya, will be noticed presently. 

The next feature to be noticed is that, throughout the winter 
months, the axis of average high pressure on the plains and plateaux 
of India, occupies nearly the same situation as that of low pressure at 



• Rigorously Bpoaking any Bnch repreaontation mast of coarse involve nn 
eleraent of unreality, which is the pfreator, the greater the difference of land levels 
in the area embraced in the chart ; and, where, as in the case of India, large portions 
of the area differ by 2,000 feet and upwards, this element attains to some im- 
portance. Although it may not seriously impair the value of the chart as an illus- 
tration of the pressuro-difFerences or potentials which maintain the systonr of wind- 
currents, the fact'that the lower strata of air, resting on low alluvial plains, have 
no horizontiil extension to the higher plateaux and cannot therefore be directly and 
immetliately influenced by the atmospheric pressure there existing, is one that must 
be kept in view in discus«*ing the relation of the winda to the pressore-distribution. 
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the opposite season. It extends from Upper Siud across Rajputana and 
the Central India plateau to Chutia Nagpur ; the pressure along this 
axis declining, more or less irregularly, from N. W. to S. E. To the 
north of this ridge, a trough of relatively low pressure on the Gangetic 
plain separates it from the higher pressure along the foot of the Hima- 
laya, and, in most years, the pressure in the Punjab is somewhat lower 
than that of Western Rajputana. On the other hand, to the south of 
this axis, the pressure falls gradually down to Cape Comorin and Ti-a- 
vancore ; being, however, considerably higher on the east than on the 
west coast of the peninsula. In fact, the isobars run down the peninsula 
almost parallel with the west coast. The low pressure area which runs 
down the west coast of the peninsula is prolonged to the north, up the 
Gulf of Cambay, producing a northward bend in the isobars of that 
region very similar to that shewn by them in the summer monsoon, 
but with revcreed gradients. 

Hence the cold weather distribution of pressure may be not inaptly 
described as a reversal of that which characterizes the summer mon- 
soon ; but, in the first place, the barometric differences between the 
extremes, and therefore the gradients effective in producing the monsoon 
current, are less than half as great, and, in the second place, the axis 
of high pressure across Northern India lies further south than its 
opposite in the summer monsoon. It lies well across the middle of the 
plateau to the south of the Ganges, instead of following the coui^se of 
the river, or, as not unfrequently happens in the case of the summer 
trough of depression, somewhat to the north of it. Thus, both in 
summer and winter, low pressure tends to prevail in some part or other 
of the Gangetic valley and the Punjab ; but in the summer the gradient 
declines towards the N. W., in the winter, to the S. E. 

There is reason to believe that this normal distribution of pressure 
is restricted to the lower strata of the atmosphere, that is to say, to the 
stratum less tlian 7,000 feet in vertical thickness, m€»asured from the 
sea-level. Thus, for instance, a row of sttitions on the plains of the 
Punjab and Ganges, ranging from Peshawar down to Purneah, shews 
a small, but decided, fall of pressure from N. W. to S. E., when all the 
mean readings are reduced to their equivalent values at the sea-level. 
But if the mean pressures of the hill-stations, Murree, Chakrata, and 
Darjeeling (all of which are between G,000 and 7,000 feet, or a little 
over the latter elevation), be reduced to a common level of 7,000 feet, 
the gradient at that elevation is found to be slightly, but distinctly, re- 
versed ; Darjeeling, the easternmost station, shewing the highest pressure. 
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Sea-level Equivalents of Atmospheric Pressure on the Punjab and 

Gangetic Plains. 

November. December. January. February, 
ins. ins. ins. ins. * 

Peshawar 30098 30174 30161 30*115 

Lahore -023 '097 '084 '029 

Delhi •. -017 -089 '076 '020 

Lucknow -008 '078 '062 -006 

Patna 29*995 -066 '060 '001 

Pumeah '966 '028 '036 29*977 

Equivalents at 7,000 feet of Atmospheric Pressure at Stations on the outer 

Himalaya. 

November. December. January. February, 
ins. ins. ins. ins. 

Darjeeling 23*404 23380 23*339 23*320 

Chakrata '360 -340 '305 '281 

Murree . '356 '332 '302 '268 

It was shewn also in a paper on the winds of Northern India,* and 
in the Indian Meteorologists* Vade Mecum^f that, as between the 
Himalaya and Ceylon, the plane of neutral pressure, in January and 
February, is at a lower level than 7,000 feet ; but not in the months 
of November and December ; at least as an average condition. To this 
point, which is important, I shall presently return. 

These facts of the pressure- distribution prepare us then to expect 
that which our wind-registers shew, viz., that the winter monsoon is a 
much shallower, weaker, and more unsteady current than its correlative 
of the summer season. On the plains, the air is very calm in the Pun- 
jab ; and, to the south and south-east, flows as a very gentle current, 
chiefly a day wind, drifting from the N. W. down the Gangetic plain ; 
from north or N. E., and somewhat stronger, across the Central Indian 
plateau and the Satpuras ; and from north or N. N. W. in Lower 
Bengal ; then turning to N. E. or E. in the northern part of the penin- 
sula, while, down the Bay of Bengal, it is pretty steady as the well- 
known N. E. monsoon. It turns, therefore, in an anticy clonic curve 
around the seat of maximum pressure in North Western India. Its rate 
of movement, its comparative steadiness, and its mean direction may be 
estimated from the following tables : — 

• Phil. Trans, vol. 164, p. 563. 
t Page 175. 
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Pereentage of Wind^directions and Mean Daily Movement of the Wind at 
Stations in Northern hidia during the Winter Monsoon, 

(November to February.) 
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On comparing these tables with those for the snmmer monsoon, 
at the same stations, the relative gi'eater frequency of calms, more 
especially in the Punjab and the Gangetic plains, the inferior steadiness 
of the wind in the prevailing quarter, and the very low absolute rate 
of its movement are strikingly apparent. The highest rates of move- 
ment are in Western India, as are also those of the summer -winds, but 
the former vary from less than half to less tlian two-thirds of the latter, 
and the directions are much more variable. 

It is further to be noticed that, while, at most stations, there is one 
direction of decided maximum, with some oscillation on either side 
(this being the local direction of the winter monsoon), at stations in the 
Punjab and the adjacent parts of the Gangetic plain, and also at Jliansi, 
Jubbulpore, Chikalda, Mount Abu, and Kurrachee, there is a distinct 
secondary maximum from an opposite quarter ; and, at Mount Abu, 
Neemuch, and Bickaneer, a certain absolute preponderance of southerly 
winds. These are the winds wliicli interrupt the winter monsoon and 
bring up the vapour that is condensed on the Himalaya as snow, and 
on the plains of Northern India as the winter rains of tliat region. 

In fact, not only is the barometric gradient w^hich characterizes 
the winter monsoon less highly inclined than that of the opposite season, 
and the vertical height to which it prevails (the elevation of the neutral 
plane) considerably less, but it is more frequently reversed, and espe- 
cially so in January and February ; and, as a temporary phenomenon, 
barometric minima, with the usual vortical systems of winds, occasionally 
appear in Northern India. On such occasions, rain almost invariably 
follows, beginning generally over the mountains that hem in the Pun- 
jab, and on the plains at their foot, and thence extending to the east 
and south-east ; while the barometric depression moves eastward, and 
cold westerly winds, bringing fine weather and a wave of high baro- 
metric pressure, follow up in the rear. 

In the majority of cases the history of which has hitherto been 
traced out, the barometric minimum firat appeared, and was apparently 
formed in some part of the great north-western plain, most frequently 
in the Punjab or Upper Sind ; but, in some cases, in Western Raj- 
putana. Mr. F. Chambers has put forward the suggestion* that these 
minima travel hither from regions further west, from the plateau of 
Beloochistan or the still loftier mountain-tract of Afghanistan ; but this 
seems to be a misapprehension. We have, indeed, no observatoiy in 
Afghanistan, and it may be long before any systematic observation is 
possible in that interesting, but turbulent, country. But an observatory 
has existed for some years past at Quetta, and, although its elevation is 

* Nature, vol. xxiii, p. 400. 
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not known with sufficient precision to admit of its barometric register 
being reduced to terms compai'able with those of the Sind and Punjab 
stations, I have compared the oscillations of the Quetta barometer with 
those in the valley of the Indus, when barometric minima have appeared 
in Upper Sind, and find that, with two very doubtful exceptions, in 
January and February 188U, any fall of pressure at Quetta was either 
simultaneous with the fall in Sind, or somewhat later. In one of these 
exceptional instances, there was a slight fall at Quetta two days, and 
in the other one day, before it took place at Jacobabad ; but on both 
occasions, the great fall, when the minimum was established in Upper 
Sind, was simultaneous at both stations. In such cases as that of the 
25th January 1878 (when the minimum first appeared at Deesa) and 
those of January, February, and March 1881 (when a barometric depres- 
sion which had existed in Western Rajputana throughout the cold 
season, was simply intensified immediately prior to the rainfall), there 
could be no question of a depression travelling from the westward. 

But it is not only in North- Western India even, that barometric 
minima are occasionally formed in the winter months : in the case of 
the rain of the 10th to 13th January 1878, it first appeared on the 
western half of the Deccan plateau ; in that of the 10th February 1879, 
a long trough-shaped depression ran through the heart of India from 
Belgaum to Lucknow, and, in that of the 15th to 18th February 1880, 
it was first established in the Central Provinces, whence it was trans- 
ferred to the Punjab ; and the distribution of pressure, in Northern 
India, became strikingly similar to that which characterizes the rainy 
season. 

There is, then, no reason to doubt that, notwithstanding that Nor- 
thern India is in general and on an avei^age an area of high pressure 
in the winter season, relatively to lower latitudes, this condition is by 
no means constant or lasting. The atmospheric pressure, in extra- 
tropical India, more frequently than that of the peninsula, occasionally 
falls below that prevailing over the seas to the south, causing vapour- 
beaiing currents to pour in from that direction; and these currents, in 
ascending around the seat of minimum pressure, chiefly on the east and 
north of the minimum, condense that vapour as rain (and on the hills 
as snow). This is a more or less regularly recurrent feature of the 
winter season. 

Of the conditions which determine the formation of these barometric 
minima, but little can be positively asserted in the present state of our 
knowledge. That they do not originate in a local excess of temperature 
in the lower atmospheric strata, is abundantly apparent ; the rise of 
tempemture that, in general, precedes the rainfall, and is accom])anied 
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with a rise in the relative and absolute humidity of the air, is simultane- 
ous with the setting in of the southerly wind ; and this change of wind 
implies a pre-existing reversal of the barometric gradient, which is the 
phenomenon to be accounted for. The following considerations may, 
however, be worthy of attention as tending to throw some light into the 
prevailing obscurity. 

It has been shewn above, that, at the very moderate elevation of 
7,000 feet over the outer Himalaya, the barometric gradient is on an 
average slightly, but distinctly, reversed. At greater elevations, it is 
most probable that the reversal is more decided, for I have shewn 
elsewhere* that at Leh (11,500 feet) the pressure in February is at its 
annual minimum, and the wind-registers of all our hill-stations establish 
the fact that, throughout the winter months, the prevailing winds are 
southerly. This preponderance is no doubt, in some measure, perhaps 
mainly, due to the fact that the observations are those of 10 A. M. and 
4 P. M. only ; at which hours the diurnal up-draught of the mountain 
winds, in an otherwise still atmosphere, is fully active. But I have 
myself witnessed at Darjeeling, in December, the effects of a strong 
steady current, sweeping overhead from the south-west, clothing the 
snowpeaks with cloud-banners. This strong southerly wind is, however, 
exceptional ; and is that which precedes rain ; and although it is not 
improbable that, at great elevations, there is a more or less steady flow 
of air towards Central Asia, to feed the outflow, at low levels, from the 
anticyclone which, as we know, normally exists in the winter over Nor- 
thern and Central Asia, there is no reason to question that, up to a 
considerable elevation over Northern India, the more usual condition is 
one of comparative stillness or at most of light movement. And, in this 
state of the atmosphere, even a feeble local action, tending to reduce 
the density and therefore the pressure, may suffice to set up a centripetal 
influx of air which may in a short time produce a well- developed baro- 
metric minimum. How this may be brought about will be shewn 
presently. 

The southerly surface winds that are invariably the precursors of 
precipitation, are not merely local ; they prevail also far to the south, 
indeed over a great part of India ; and they arrive charged with vapour 
gathered both from the sea and from the warmer land-surface of more 
southerly regions. 

It seems not improbable, then, that the ulterior conditions which 
give rise to the winter rains, may have their seat in the more elevated 
or middle region of the atmosphere ; and we must look to the formation 
of cloud as the condition which, by disturbing the thermal equilibrium 

• Indian Met. Memoir 8 j vol. i, p. 224. 
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of the atmosphere, determines a convective current with a cyclonic cir- 
culation, and a barometric minimuTn. The prevailing calmness of tho 
Punjab atmosphere, combined with a high degree of relative humidity 
in the winter months, affords conditions not unfavourable to this action. 

Before proceeding further with this discussion, it will be of advan- 
tage to consider the distribution of the winter rainfall, its distribution 
both in time and space. 

For this purpose it will not be necessary to illustrate the subject 
in great detail, and, instead of giving the means of individual stations, 
I shall summarize the data in the form of the averages of large areas. 
The following table gives the average amount of the fall in each of the 
months from November to March. 

Summary of the Winter Rainfall of Extra-tropical htJia. 



Peshawar and Derajat 

Hazara and Patwar 

The four doabs 

Eastern Punjab 

Kangra, Sirmoor and Knmaon . . . 

N. W. P. & Oudh, Western half*... 

Ditto ditto, Eastern half ... 

North Bohar and Bhagalpore 

Northern Bengal 

Assam and Cachar 

Upper Sind 

Lower Sind> Cntch and Gujarat... 

Rajputana 

Central India, Ac 

Hirzapore and Chatia Nagpor ... 
Lower Bengal 



OB 

a 
o 

-^ 
OS 

an 



6 

4 

11 

11 

11 

24 

15 

5 

8 

13 

3 

18 

20 

24 

14 

15 



Inches of rainfall. 



u 

g 
o 



0-46 
106 
018 
007 
018 
000 
010 
008 
0-34 
01)5 
008 
008 
009 
OIG 
0-22 
0-50 



u 

o 
Q 



0-51 
1-60 
0-60 
058 
101 
0-33 
015 
010 
012 
0-3G 
OIG 
007 
0-27 
019 
013 
017 



s 

•-9 



0-65 
1-57 
0-77 
0-91 
210 
0-81 
0G6 
0-58 
043 
0G4 
0-23 
Oil 
Oil 
0-42 
0-58 
0-48 



106 
2-64 
115 
0-95 
2-80 
0*66 
0-55 
0-53 
079 
1-35 
0-37 
OIG 
0-31 
0-40 
0-78 
107 



A 
^ 



1-29 
2-66 
114 
0-95 
254 
0*57 
0-34 
0-45 
118 
3-45 
0-44 
OOG 
015 
0-23 
0-57 
IGO 



Total. 



3-97 
9-43 
3-84 
3-4G 
863 
2*43 
1-80 
1-74 
2-8G 
700 
1-28 
0-48 
0-93 
1-40 
2-28 
3-82 



The above table includes the whole of extra-tropical India, and 
it is only in a portion of this region that the cold weather I'ainfall can 
be regarded as a well-marked and regularly recurrent phenomenon ; 
having a distinct maximum, that is to say, in the winter or spnug 
months and equally defined minima before and after. The variations, 
shewn in the above table, are considerable, both as I'egards the total 
nanai'^^unt and the epoch of the maximum. It is on the N. W. Himalaya 

* The meridian of Luckuow is taken us the boundary. 

2 
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and on the hills of the Northern Punjab that these rains are most copious, 
and that the maximum falls latest ; the precipitation frequently taking 
the form of snow at all but the less elevated stations. In the extreme 
north-west, they attain their maximum in March and April ; for the 
April rainfall (not shewn in the table) is about equal to that of March 
at Peshawar and in the hills of Hazara, while that of May and June 
is insignifijcant. But south of the Salt Range, and on the plains of the 
Eastern Punjab, the rainfall of February and March exceeds that of 
April. Still fui-ther to the south-east, throughout the greater part of 
the Gangetic plain, the maximum occurs still earlier, viz., in January ; 
and this holds good as far as Behar and the confines of Northern Ben- 
gal. This anticipation of the maximum is not due to the January 
rainfall of the Grange tic plain being heavier than that of the Punjab. 
On the contrary, it is rather less : but the decrease in a south and S. E. 
direction is much less rapid in January than in the subsequent months. 
In Northern Bengal, even the January maximum has vanished ; and 
while the average rainfall of that month is only slightly less than in 
Behar and the eastern part of the N. W. Provinces, that of February 
is higher, and that of March shews a further considerable increase. So 
fiir, the course of the variation seems to resemble that of the N. W. 
Punjab ; but the further steady increase of the fall in April, May, and 
June shews that this resemblance is fallacious, and that we have here 
to do with a phenomenon of a different order, viz., the storm precipita- 
tion of the spring months, the characteristics of which are still more 
pronounced in the more easterly province of Assam. As a well-marked 
feature of the local meteorology, the cold weather rainfall does not 
extend, in an easterly direction, beyond the province of Behar. 

Turning now to the regions somewhat further south, but still, for 
the most part, without the tropic, we see that in Upper Sind the total 
fall of the five months is very small, notwithstanding that it represents 
nearly one-third of that of the year ; and also that, as in the Derajat, 
it reaches its maximum in March. In Lower Sind, Cutch, and Gujarat, 
the whole precipitation of the season is insignificant ; but a maximum 
is still faintly indicated in February, and the same is more strongly 
marked in Rajputana, where the fall is about double as great. In 
Rujputana, it would appear that the December rainfall is almost as 
great as that of March ; but this is mainly due to an exceptionally heavy 
rainfall in December 1877,* combined with the fact that the Rajputana 
registers extend over a shorter period than those of most other parts 

* On this occasion nearly five inches of rain were registered at Banswara, 
between 3 and 4 inches at Jhalrapatam and Ulwar, and over 2 inches at Kotah, 
Deoli, and Bhurtpore. 
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of the country. I do not think, therefore, that, on the average of a 
long period of years, the November rainfall of Rajputana would bo 
found to follow a different law of distribution from that of other pro- 
vinces around. In Central India, including those portions of the Central 
Provinces and the N. W. Provinces that extend between the Jamna and 
the Satpura range, the total fall is again higher, with a maximum in 
January and February ; and, still further east, in Mirzapore, South 
Behar, and Chutia Nagpur, it is again greater, with the maximum in 
February ; but this apparent retardation of the maximum is evidently 
due to the inclusion of the early spring storms which in Chutia Nagj)ur 
become of relatively greater importance ; and this is rendered further 
evident in the table for Lower Bengal. 

The conditions which determine the storm precipitation of the 
spring months will be noticed elsewhere. Meanwhile, it results from 
the above analysis that the cold w».ather rainfall, as here considered, is 
that which takes place chiefly on the north and east of the barometric 
depressions, which are occasionally formed, in the winter months, in 
North- Western India. It is most copious where normally the winter 
temperature is lowest, tJtz., on the N. W. Himalaya. It decreases rapidly 
to the south, and less rapidly to the south-east, and, in this latter direc- 
tion, it blends into and becomes with difficulty distinguishable from the 
rainfall of the spring storms, which are, however, a phenomenon of a 
different order. 

Having thus defined the area and noticed the general characteristics 
of the winter rainfall of North- Western India, I will return to the 
question of the origin of those barometric depressions which have been 
shewn to be the immediate precursors of the precipitation, or perhaps 
rather of simultaneous formation. The area above defined as that of 
the winter rains, is identical with that in which, as has long been 
known, the relative humidity of the air, instead of diminishing towards 
the interior of the country, increases with the increasing distance from 
the sea-coast. On page 203 of the Indian Meteorologist's Vade Mecmn 
(Part II, para, 109), I described this phenomenon as follows : " In the 
maritime provinces (of India) there are but one (annual) period of 
maximum and one of minimum humidity ; in the Punjab and in Centml 
India and the North- Western Provinces, there are two annual maxima 
and two minima ; and in the drier part of the first named province, the 
winter is the dampest season of the year « * * « • Stations on the coast 
line have, at all times of the year, a higher degree of relative humidity 
than those on the plains of the interior. But the rate of increase is 
very different at different seasons ; and in consequence of the greater 
cold of Upper and extra-tropical India, in the first three months of th© 
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year, the mle of increasing dryness with increasing distance from the 
coast holds good inland, only as far as Bohar ; • and thence to the Punjab 
the relative humidity of the atmosphere increases steadily. It appears 
to be higher also through Central India, north of the Satpuras, but the 
meteorological statistics of this tract have not yet been sufficiently 
worked out to enable us to fix the limits of the area of higher winter 
humidity." 

The above passage was written in 1876, only a year after the 
meteorological data for the whole of India had been, for the first time, 
concentrated in one central office, and when the system of observation 
had been but recently extended to many stations in Rajputana and 
Central India. It is, therefore, desirable to set forth, in a tabular form, 
some excerpts from the further evidence which has since been put on 
record ; and, to this end, I give, in the following tables, first, the absolute 
humidity of the air as represented by the proportion of vapour in 1,000 
parts (volumes) of air, second, the relative humidity, and, third, the 
cloud proportion (in thousandths of the sky-expanse*) in each of the 
BIX months November to April for four series of stations, three passing 
successively from east to west (or north-west) and representing re- 
spectively the Himalaya, the alluvial plain, and the plateau which extends 
between the latter and the Satpura range ; and the fourth passing from 
south to north, beginning with stations south of the Satpura range, 
and terminating in the Punjab. 

• The figures of the two latter tables are extracted from those of the average 
valaes of the several meteorological elements given in the Report on the Meteo- 
rology of India in 1881. 
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The above table confirms and justifies the description already quoted 
from the Vade Mecum, and also the generalization just given, that the 
area of the winter secondary rainfall maximum coincides with that in 
which there is also a winter secondary maximum of relative humidity. 
But it also brings into prominence some further facts, which assist in 
throwing much light on the causes of the rainfall. In the first place, 
it is to be noticed that the increase of the relative humidity of the later 
mouths, as we proceed from Behar towards the Punjab, is due, solely, 
to the fall of temperature ; the absolute humidity being almost constant ; 
but the latter is decidedly lower on the high ground of Central India 
and Rajputana, south of the Grangetic plain, than on the latter and in 
the Punjab. These two facts, viz., the uniformity of the absolute humi- 
dity over the riverain tract, and its decrease on the higher ground to 
the south, indicate that it is mainly dependant on local evaporation ; 
being, in fact, furnished by the rivers, the undried swamps left by the 
autumnal floods, and, in no small degree, probably, by irrigation and 
the rich vegetation of the green winter crops. In the second place, it 
is to be observed that this riverain tract also coincides with the region 
of lower normal pressure, to the north of the axis of maximum pressure, 
shewn on the normal baric charts, on Plate II. And lastly, the tendency 
to cloud formation follows, on the whole, the same laws of distribution 
as the relative humidity of the lower atmosphere, with, however, this 
important exception ; that, except in April and to a slight extent in 
March, it is lower in the neighbourhood of the coast (in Lower Bengal), 
notwithstanding the higher relative humidity of the lower atmosphere, 
than in the Upper Provinces, where the rainfall generally originates. 

Now putting together the several facts thus independently elicited 
from the study of our registers, we arrive, I think, at the outlines of 
a consistent theory of the production of the winter rainfall. We have, 
in the first instance, steady evaporation over an extensive moderately 
humid tract, at a comparatively low temperature, it is true, but in an 
atmosphere, the stillness of which allows of steady diffusion of the 
vai)our to high levels, and the consequent formation of cloud. The 
slight disturbance of the baric equilibrium which follows (since the 
vertical decrease of t^jmperature in a cloud- laden atmosphere is slower 
than in a clear atniospiiere), is succeeded by a gentle indraught of 
warmer and more humid air from the south ; for the Himalaya bars 
access to nortlierly winds. A vortex is then rapidly formed, accompanied 
with an increased cloud- formation, and speedily followed by precipita- 
tion ; which takes the form of snow on the hills, and of rain over the 
river [»lains. Tlio rainfall is invariably followed by a cool wind, and 
a wave of high barometric pressure from the west, which I can only 
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attribute to a drainage of cool heavy air from the valleys of the 
hills surrounding the Punjab and the high lands of Beloochistan and 
Afghanistan ; air cooled by the precipitation on the mountains. 

If the above view be true, the stillness of the atmosphere, combined 
with the presence of a modeiate evaporation, must be accepted as the 
condition which primarily determines the formation of barometric minima 
and the winter rains of Northern India. And this stillness is obviously 
due to the existence of the lofty mountain ranges which surround Nor* 
them India, leaving free access to the plains open only to the south. 

Were the Himalayan chain absent and replaced by an unbroken 
plain, stretching up to the Gobi desert, it is probable that the winter 
rains of Northern India would cease ; any local evaporation in the Punjab 
and Grangetic valley would be swept away by strong dry N. B. winds 
blowing from the seat of high pressure, which, in the winter months, 
lies in Central Asia ; and instead of the mild weather and gentle breezes 
which now prevail at that season, on the Arabian Sea, it would be the 
theatre of a boisterous and even stormy monsoon, such as is its local 
equivalent of the China Seas. Other and even greater changes of 
climate, that would supervene on the suppression of the Himalayan 
range and the consequent alteration of the summer monsoon, its precis 
pitation, and the course of the land drainage thereby fed, it would be 
beyond the province of my present subject to discuss. 



II. — Descriptions of some new Asiatic Diurnal Lepidoptera ; chiefly fronh 
specimens contained in the Indian Museum^ Calcutta. — By Frederio 
Moore, F. Z. S., A. L. S. Communicated by the Natural History 
Secretary. 

[Received May 14th, — Bead June 4th, 1884.] 

Family NYMPHALID^. 

Subfamily SATYRiNiE. 

Genus Ypthima, Hiibner. 

Ypthima mahratta, n. sp. 

Male and female. Upperside brown ; forewing with a subapical 
bipupilled ocellus ; between which and the outer margin is a pale brown 
curved fascia as in Y. newara : hindwing with a very small subanal 
unipupilled ocellus. 

Undferside pale whitish-brown, very numerously covered with short 
delicate pale brown strigee, which are uniformly disposed : forewing with 
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a brownish marginal fascia, which curves below the ocellus and extends 
up the disc towards the costa : hindwing with a very small apical ocelluS| 
and two anal ocelli of the same size. 

Expanse lyV to 1-^ inch. 

Hab. Deccan (Dr. Day). In coll. F. Moore. 

Allied to Y. aria^pa, Y. n*ra, and to Y. norma. Nearest to Y". 
norma, the type specimens of which are from China. Differs from the 
last species, on the upperside, in having a smaller ocellus on the fore- 
wing, and a single subanal ocellus on the hindwing. Underside with 
shorter and more numerous strigea ; both the apical and the two anal 
ocelli of hindwing are half the size of those in Y. ruyrma. 

The hindwing also has a comparatively longer costal margin, which 
thus gives the apex and exterior margin less convexity. 

Ypthima apicalis, n. sp. 

Male. Upperside pale brown : forewing with a small rounded bipu* 
pilled apical ocellus, above which is a distinct broad whitish streak : 
hindwing with two very small subanal ocelli, the upper one minute, the 
anal and apical ocellus of the underside being slightly visible from 
above ; across the middle of the lower discal area is a faint pale slight 
fascia. Underside pale brownish-ochreous, with indistinct darker brown 
uniformly disposed strigsd : forewing with the apical ocellus and white 
upper streak as above : hindwing with a small apical and three lower 
ocelli, the anal one bipupilled ; an indistinct pale whitish fascia is trace- 
able across the disc above the lower ocelli. 

Expanse If inch. 

Hab. Deyra Dhoon {Oodwin- Austen). In coll. F. Moore. 

Ypthima kasmira, n. sp. 

Male and female. Upperside dark brown : forewing with a mode- 
rately small bipupilled apical ocellus : hindwing with two small subanal 
ocelli in male and, in female, a third minute anal ocellus. 

Underside purpurascent brownish- white, densely covered with uni- 
formly disposed purplish-brown strigsB : forewing with prominent apical 
ocellus : hindwing with prominent large apical and three lower ocelli, the 
anal one tripupilled. 

Expanse $ If, $ If inch. 

BLab. Cashmere {Capt. Hellard). In coll. F. Moore. 

Ypthima howra, n. sp. 

Male and female. Upperside brown: forewing with a bipupilled 
apical ocellus : hindwing with two small subanal ocelli, some specimens 
3 
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of both sexes also liaving a smaller anal ocellus, all with a single pupil. 
Underside yellowish ochrey- white : forewing with the ocellus as above : 
hindwing with a very small apical ocellus and four lower ocelli, the two 
anal being geminated and the smallest. Both wings are crossed by 
ochreous-brown strig© ; with the three outer transverse fasciae on fore- 
wing, and an angulated discal &^cia, as well as a sinuous marginal fascia, 
on the hindwing. 

Expanse ^ If, ? If inch. 

Hab. Calcutta. In coll. Ind. Mus., Calcutta, and F. Moore. 

Nearest to Y, huhneri. Distinguishable from typical specimens 
(figured as Y, philomela, Hubner, Zutr. fig. 83-84), on the underside, by 
the yellowish ochreous- white ground-colour, and the transverse fasciae on 
the hindwing, as well as by the small size of the ocelli. 

Ypthima hoesfieldii, n. sp. 

Male. Upperside dark olive-brown ; discal area dusky ; subapical 
ocellus oval, bipupilled : hindwing with two medial and a minute anal 
ocellus. 

Female. Upperside : forewing with a large rounded ocellus : hind- 
wing with two larger medial, a small anal, and a medium-sized apical 
ocellus. Underside of male and female ochreous- white : forewing almost 
covered with dark vinous-brown confluent strigae : hindwing very sparse- 
ly covered with slender brown strigae very similarly disposed to those 
in the typical Javan Y. pandocus : ocellus of forewing as above : hind- 
wing with two small apical, two larger medial, and two smaller anal 
ocelli. 

Expanse ^ 1^%, 2 1^^ inch. 

Hab. Java. In coU. F. Moore. 

Subfamily NYMPHALiNiB. 
G^nus EuTHALiA, Hiibner. 

EUTHALIA ANDEBSONII, n. Sp. 

Male and female. Upperside dark umber-brown, palest in the female j 
both wings with a marginal bluish-grey band, which extends very nar- 
rowly from the apex of forewing and widens across the hindwing to 
broadly above anal angle. Within and beneath the cells the black 
streaks are most distinct in the female ; across the discal area are two 
indistinct dusky sinuous fasciae widening from the costa of forewing, at 
which end the interspace is slightly paler in the male and distinctly paler 
in tho female. Cilia white. 
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Underside ochreons-brown in male and yellowish ochreous in female ; 
the outer borders broadly saffased with purplish lilacine- white ; cell- 
marks distinct ; across the disc of both wings are too dusky lunular fasciae 
with pale interspace, most distinct in the female, the fascisa being dis- 
posed across the middle of the disc. 

Expanse f 2^, $ 2| inches. 

BL\B. Mergui ; Tavoy. In coll. Ind. Mus., Calcutta, and F. Moore. 

Nearest allied to E, cocyttts. Fab. ; also to E. lepideay Butler, and to 
E, macnairiiy Distant. 

Genus Cirrhochroa, Doubleday. 

CiRRHOCHROA ABNORMIS, n. Sp. 

Male. Upperside ferruginous-yellow : forewing with a medial discal 
transverse black lunular waved band, which is broadest at the costal end, 
a narrower submarginal sinuous band, and a nearly straight marginal 
line, the interspace from the submarginal band and edge of the wing be- 
ing suffused with black towards the apex ; an indistinct dusky streak at 
end of the cell : hind wing with a medial discal transverse angulated black 
lunular band, which is broadest at the costal end ; a submarginal lunular 
line, and a slender nearly straight marginal line ; a row of minute black 
discal dots. Underside brownish-ochreous ; a transverse medial slightly 
purpurascent band, with waved suffused dusky lunular inner border and 
slender almost straight outer border, the band being quite narrow where 
it crosses from fore to hind wing and broadly dilated at the costal end on 
forewing and at anal end on the hind wing ; contiguous to the inner bor- 
der of the band is a similar dusky sufEasod lunular fascia, the interspace 
being of a slightly pale yellowish colour ; at end of each cell is a dusky 
double lunular mark, a similar double lunular waved line also extends 
from midiUe of the cell on forewing to below the cell on the hind wing ; 
outer border of both wings traversed by faint traces of a yellowish sub- 
marginal lunular band ; on the forewing is a conspicuous and whitish 
apical patch, and on the hindwing is a row of very small blackish trans* 
verse discal dots. 

Expanse 2| inches. 

Hab. Darjiling. In coll. F. Moore. 

Genus Erqolis, Boisd. 

Eroolis tapestrina, n. sp. 

Male and female. Comparatively smaller than E. merione ; outh'ne 
of forewing more irregular. Upperside paler ; with similar transverse 
BLQuous lines on both wings, the two medial lines being somewhat nearer 
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together, the discal cordate marks having their outline of a tmiform 
width, and being somewhat narrower transversely, thus leaving a slightly 
but perceptibly wider space between the contigaous lines ; the interspaces 
between the basal lines, the subbasal and medial lines, the discal cordi- 
f orm marks, and the marginal line and outer margin, are of a more dusky 
colour, and thus give the wings the appearance of being marked with 
alternately pale and dusky transverse bands. Underside also paler than in 
E. merioney with more regularly alternate pale and dark transverse bands. 

Expanse If to 2\ inches. 

Hab. N. W. India (Manpuri ; Deyra Doon). In coll. F. Moore. 

Ergolis indica, n. sp. 
Differs from typical Javanese specimens of E. ariadne in its smaller 
size. Upperside of a duller colour, the markings more obscure and com- 
paratively less sinuous. Underside with paler interspaces between tho 
bands, the apical border of f orewing and the marginal border of hindwing 
greyer, and comparatively broader.. 

Expanse If to If inch. 

Hab. Madras ; Nilgiris ; Bombay ; Calcutta. In coll. F. Moore^ 

Family LYC^NID^. 
Genus Pabapithecops, Distant. 

Pabapithbcops gaura, n. sp. 

Male and female. Upperside brown : forewing with a large white 
medial longitudinally oval spot, occupying the centre of the wing from 
middle of the disc to near the base ; a small brown dentate spot at upper 
end of the cell : hindwing with the apical and upper discal area broadly 
white and traversed by pale brown veins ; a slender brown submarginal 
line enclosing a marginal row of brown spots. Cilia of forewing whitish 
posteriorly, of hindwing entirely white. Underside greyish white : fore- 
wing with a submarginal line composed of slender waved brown lunules, 
and a marginal line enclosing a row of small linear spots ; a slender indis- 
tinct brown streak at end of the cell, and three or four dots along the costal 
edge : hindwing with an irregular submarginal row of brown lunules, a 
marginal line enclosing a row of darker spots ; a black spot at upper end 
of submarginal line, and a subbasal row of three smaller more or less dis- 
tinct black spots ; a slender brown streak at end of the cell. Antennas 
black, ringed with white ; pale white beneath, third joint and tip of second 
black ; legs white, banded with black. 

Expanse * -ny, ? Itt i^ch. 

EUlb. Calcutta. Assam. In coll. Ind. Mas., Calcutta, and F. Moore« 



III 
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Genus Meqisba, Moore. 

MeQISBA 8IKEIMA, n. sp. 

Male. Differs from M. thwaitesii, on the npperside, in being of 
a darker violet-brown, and in the absence of the short obliqne pos- 
terior white band on the forewing. Underside similarly marked to 
M, thwaitesii, except that on the forewing the black spot in middle of 
the cell is very minnte, and there is a spot below the end of tho cell be- 
tween the middle and lower median veins in addition to the two dots, 
which are here placed beneath the lower median vein, whereas in M. 
thwaitesii the two latter dots, when present, are situated between the 
middle and lower medians. On the hindwing the three transverse sub- 
basal black spots are comparatively larger, the upper one with two con- 
tiguous black dots in front ; the cell-spot is prolonged upward to the 
costal vein and also has some black dots below it, the apical black spot 
is of an elongated form, and the discal macular band is composed of 
broader quadrate spots. 

Expanse j- inch. 

ELab. Sikkim. In coll. Indian Museum, Calcutta* 

Pathalu, n. g. 

Closely allied to Megisha : forewing comparatively longer, and less 
regularly triangular in form : hindwing somewhat narrower, and with a 
slender tail at end of lower median vein. Venation similar. Second 
joint of palpi shorter, the third joint longer and more slender. 

Type, P. albidisca. 

Pathalla albidisca, n. sp. 

Male and female. Upperside dark violet-brown : forewing with a 
broad medial conical white patch, which extends obliquely from middle 
of the disc to posterior margin : hindwing with a broad white band cross- 
ing from the costal edge to near middle of the abdominal margin ; an 
indistinct marginal row of pale-bordered brown spots. Underside grey- 
ish-white : forewing with some black spots along the costal edge, a 
brown streak at end of the cell, a discal transverse row of short oblique 
slender interrupted lunules, a submarginal sinuous line enclosing a mar- 
ginal row of indistinct spots : hindwing with a similar brown cell-streak, 
a discal zigzag series of broader lunules, a sinuous submarginal line 
enclosing the marginal row of spots, of which the penultimate is 
large and black ; three equidistant subbasal black spots, a black spot on 
the abdominal margin above the lower subbasal, and a larger black spot 
at the apex ; tail in both sexes black, tipped with white. Cilia edged with 
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white. Body above black, antennae black annulated with white ; palpi 
white, tip black ; legs white with black bands. 

Expanse tf -H-, 9 1-iV iiiches. 

Hab. Chittagong; Kurdah, Orissa; N. W. Himalaya (Capt, 
Beckett). In coll. Indian Museum, Calcutta, and F. Moore. 

PaTHALIA MALAYA. 
Lycasna malaya^ Horsfield, Catal. Lep Mas. E. I. G. p. 70 (1828), $ . 
Hab. Java. (Horsfield collection.) 

Genus Logania, Distant. 

LOQANIA SUBSTBIGOSA, n. sp. 

Upperside dark violet-brown. Cilia white between the veins. Cos- 
tal edge of forewing with a minute white dot at end of the veins. 
Underside purplish white, crossed by a few ochreous-brown short strigae, 
and with a thicker streak across middle and end of the cell, and in a 
zigzag submarginal series ; also a marginal series of black spots on th& 
forewing, and a lunular streak on hindwing ; a black costal spot also on the 
hind wing ; and the outer marginal border of both wings is ochreous- 
brown. Body, antennae, and legs above brown ; palpi, legs, and abdomen 
beneath white. 

Expanse ^ inch. 

Hab. Mergui. In coll. Indian Museum, Calcutta. 

LOOAXIA MARMOBATA, n. sp. 

Upperside pale purplish violet-brown : forewing with the basal half, 
curving obliquely from middle of the costa to posterior margin near the 
angle, violaceous- white : hindwing with the lower basal and discal area 
also violaceous-white : the traversing veins on both wings being pale 
violet-brown. Cilia violet-brown. Underside densely mottled with pur- 
plish violet-brown and violet-white, interspersed with black speckles^ 
which are most prominent in a lunular marginal fascia ; a white spot at 
end of the cells. Body, antennae, and legs violet-brown. 

Expanse y®^ inch. 

Hab. Mergui. In coll. Indian Museum, Calcutta. 

LOOANIA andebsonii, n. sp. 

Female. Upperside pale violet-brown : forewing with a broad lon- 
gitudinal medial lilacine-grey band of a somewliat triangular form, dis- 
posed below the cell, the exterior border of the band being scalloped : 
hindwing with a narrow medial discal similar-coloured band. Cilia 
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alternated with white. UnderBide purph'sh lilacine- white ; both wings 
with a blackish zigzag cell streak, a transverse discal zigzag dnplex 
line, and two narrow similar submarginal lines, a slender marginal line, 
and a waved interciliary line. 

Expanse 1^ inch. 

Hab. Merged. In coll. Indian Mnsenm, Calcutta. 

Genus Ltcjgnesthes, Moore. 

LTCiENESTHES ORISSICA, n. sp. 

Male. Smaller than L, lyccenina and L, lycamhes, Upperside of 
a similar purpurascent blue. Underside pale purpurascent greyish- 
brown. Both wings with similar, but more regularly disposed, markings. 
On the hindmng the subbasal costal black spot is prominent, but tho 
snbbasal black spot — so conspicuous in the above species — is absent, the 
entire exterior margin being uniformly marked. 

Expanse -|^ inch. 

Hab. Orissa. In coll. Indian Museum, Calcutta, and F. Moore. 

Ltcjenesthes mebguiana, n. sp. 

Male. Upperside violet-blue : hindwing with two indistinct small 
anal blackish spots and a larger subanal spot. Underside dull greyish- 
brown ; forewing with a transverse antemedial pale-bordered band, a 
short band at end of the cell, and a broken discal band, two submarginal 
pale lunular lines : hindwing with a pale-bordered subbasal band, one 
at end of the cell, and a broken curved discal band ; two submarginal pale 
sinuous lines enclosing a small anal and a large oval subanal black spot, 
both surmounted by a yellow lunule and speckled with a few metallic- 
blue scales. 

Expanse -^ inch. 

Hab. Mergui. In coll. Indian Museum, Calcutta, and F. Moore. 

A much smaller species than L. hengalensis. Distinguished from it, 
on the underside, in the forewing having the antemedial pale-bordered 
band, and in the hindwing in the more irregular and zigzag pale bands, 
and the large subanal spot. It is also distinct from L. lyccena, 

GtemxB LTOiBNA, Fabr. 

Lycjsna chamanica, n. sp. 

Female. Upperside lavender-blue ; extreme outer margin of fore- 
wing pale dusky-brown: hindwing with pale dusky-brown costal and 
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marginal border, the latter traversed by an outer row of whitish Innules. 
Cilia dusky-brown, edged with white. Underside lilacine ochreous-grey : 
forewing with a large white-bordered black lunule at end of the cell, a 
discal transverse row of six spots, and a marginal row of white-bordered 
dark brown spots, the transverse interspace between the discal i^nd 
marginal spots also dark brown : hindwing with three straightly de- 
posed transverse subbasal white-bordered black spots, a lunule at end 
of the cell, and a curved discal interrupted row of eight spots ; a mar- 
ginal row of rounded dark brown spots bordered by an inner dark brown 
lunular line ; the anal and penultimate spot is black, speckled with 
metallic-blue scales, and surmounted by orange-yellow. , 

Expanse 1 inch. 

Hab. Ghaman, S. Beluchistan (April). In coll. Ind. Mus., Calcutta. 

This species is quite distinct from L, hractealay Butler. 

Ltcjina nadira, n. sp. 

Female. Upperside dark olivaceous violet-brown : hindwing with a 
very faint trace of paler marginal lunules. Cilia brown, edged with 
white. Underside pale olivaceous-ochreous : forewing with an olivaceous 
white-bordered large black linear spot at end of the cell, and a recurved 
transverse discal row of six spots, a submarginal row of small blackish 
dentate spots, and a marginal row of linear spots : hindwing with three 
subbasal olivaceous white-bordered black spots, a lunule at end of the 
cell, a curved discal row of eight spots, a submarginal row of small black- 
ish dentate spots, and a marginal row of short linear spots. 

Expanse 1 inch. 

Hab. Kabul. In coll. Indian Museum, Calcutta. 

Quite distinct from L. fugitiva^ Butler. 

Ltcj)na bilucha, n. sp. 

Male. Upperside brilliant, glossy, opalised, lilacine cobalt-blue, the 
exterior margin with a very slender black border. Cilia brown, with 
a broad white edge. Underside pale lilacine ochreous-grey, the base of 
both wings slightly metallic-green : forewing with a small round white- 
bordered black spot in middle of the cell, a prominent streak at end of 
the cell, a transverse discal row of seven spots, and a marginal double 
row of pale brown white-bordered lunules : hindwing with a prominent 
white-bordered black spot in middle of the cell, one above it, a less dis- 
tinct spot below it, and a narrow spot on abdominal margin, a streak at 
end of the cell, and a discal curved interrupted row of eight spots ; a 
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marginal row of white-bordered narrow black spots, each surmounted by 
a black- lined reddish Innule. 

Expanse ly"j inch. 

Hab. Chaman, S. Beluchistan (April). In coll. Ind. Mus., Calcutta. 

Genus Chbysophanus, Hubner. 

Ghbtsophanus baralacha, n. sp. 

Female. Differs from specimens of same sex of 0. phlmas (var« 
stygianus) taken in the neighbouring country of Lahoul. Upperside : 
fore wing golden-yellow, with a blackish quadrate spot in the middle of 
the cell, a larger spot at its end, three oblique subapical spots, and three 
lower discal spots, the lowest spot being the longest and curved ; from 
the three subapical spots some black speckles proceed to the discocellular 
spot ; the costal edge is very narrowly bordered with brown, and the 
exterior margin has a narrow macular brown border of half the width of 
that of the above-mentioned species : hindwing golden greyish-brown, 
with a broad pale red outer marginal band, which is very slightly inden- 
ted with black at end of the veins on its outer border, and on the inner 
border by a row of indistinct blackish spots surmounted by blue-grey 
scales, above which is a discal row of five or six smaller black spots and 
also a black lunule at end of the cell. Underside of similar colour to tliat 
of above species : forewing with the spots as on upperside, but pale- 
bordered, and also a spot at base of the cell, two small spots on the costa 
above the discal series, and three linear spots on exterior margin above 
the angle, these latter spots being near the margin : hindwing with less 
defined red-streaked marginal band, the discal and other spots also com- 
paratively larger. 

Expanse If inch. 

Hab. Baralacha Pass (16060 feet), Ladak. Taken in July 1879 by 
Mr. L. do Nic^ville. In coll. Indian Museum, Calcutta. 

G^nus Aphnjius, HUbner. 

Aphnjius tigrinus, n. sp. 

Differs from typical A. vulcanus on the upperside of the forewing in 
the more prominent red bands, which, in the female, are conspicuously 
broader ; there is also a slender marginal band, more or less indistinct in 
the male, but very distinct ih the female ; on the hindwing is a red mar- 
ginal band extending from above the anal lobe partly up the exterior 
margin, this baud in the female being curved and I'eaching the subcostal 
4 
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vein. On the underside the bands are similar, but of a brighter red and 
with more clearly defined black borders. 

Expanse 1 to If inch. 

Hab. Lower Bengal, Calcutta, Maunbhoom, Orissa. In coll. F. 
Moore and Indian Museum, Calcutta. 

Aphnj:us peguanus, n. sp. 

Male. Comparatively larger than A, lohita, Upperside similarly 
coloured, anal area dull red, the large black lobe-spot replaced by a 
^ew interciliary black and silver scales. Underside very pale reddish- 
ochreous ; the bands dark red, somewhat narrower than in A. lohita : 
fore wing with the streak at base longitudinal, narrow, and not extending 
above the costal vein ; the short transverse broad end crossing tho 
cell in A. lohita is here absent, the band crossing the middle of the cell is 
also shorter, the oblique discal and submarginal bands quite confluent at 
their posterior end, the inner costal band beyond the cell is short, and 
the next band is the longest, both being widely separated — ^whereas in 
A, lohita the inner band is the longest and the two are joined externally 
in the middle, the submarginal band is narrower, and the marginal band 
very slender : hindwing with the subbasal band composed of three well 
separated portions ; anal lobe red, with a small interciliary black-speck- 
led streak ; the submarginal and marginal band narrower, the latter 
being interrupted in crossing the veins. 

Expanse 1^ to 1-^ inch. 

Hab. Magaree, Pegu. In coll. F. Moore. 

Aphnj:us himalayanus, n. sp. 

Allied to A. lohita, Male and female much larger than typical 
Javanese specimens. Upperside similarly coloured ; anal area duller red. 
Underside pale creamy-yellow ; the bands similar, but of a darker purple- 
red, all comparatively broader, the marginal band conspicuously broader. 

Expanse 9 1^, ? 1 t^ to 1^^ inch. 

Hab. Nepal (Bamsay), Darjiling (Elliot.) In coll. F. Moore. 

Aphn^us khurdanus, n. sp. 

Male. Upperside dark brown ; base of fore wing, and hindwing 
dark slaty-blue ; anal lobe red, spots black. Underside dull pale pur- 
plish brownish-ochreous ; markings very similar to those on underside of 
same sex of A. trifurcatus^ but comparatively narrower and more regular 
in outline. 

Expanse 1 to 1^^^ inch. 

Hab. Khurda, Orissa \ Calcutta. In coll. Ind. Museum, Calcutta. 
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This species belongs to the lohita-gronp of Aphnceus. On the 
underside the markings are extremely like those in A, trifurcatusy but 
the uppersido of the fore wings has no red patch, as in^. trifurcatus. The 
colour of the upperside is also of a much darker tint ; and the outline of 
the forewing is comparatively more triangular. 

Aphnjeus orissanus, n. sp. 

Male. Forewing broader and less regularly triangular than in A, 
khurdanus ; hind wing also less produced anally, and the exterior mar- 
gin convex. Upperside dark brown ; base of forewing, and hindwing, 
slaty-blue ; anal lobe red, spots black. Underside pale ochreous-yollow ; 
bands purple-red, similar to those in^. pegv^xnus^ with the marginal black 
black-streaked. 

Expanse lyV inch. 

Hab. Sonakhala and Bhatpara, Orissa. In coll. Ind. Mus., Calcutta. 

Aphnjeus concanus, n. sp. 
Male and female. Nearest to the Ceylonese A. lazularius. Upper- 
side similar. Underside pale reddish-ochreous ; the bands dark purple- 
rod, those on the forewing similar : hindwing with the subbasal band com- 
posed of three portions, the medial discal and submarginal bands disposed 
nearer together at their costal end, the submarginal straighter, and the 
throe more or less confluent at their anal end. 

Expanse 1| to IJ- inch. 

Hab. Bombay (Dr, Leith) ; Canara ( PTari) ; Nilgina (Lindsay), 
In coll. F. Moore. 

Aphnjbus nipalicus, n. sp. 

Male. Upperside dusky violet-brown, the lower basal and discal 
areas dark slaty-blue ; anal lobe red, the black spots speckled with 
silvery-white scales. Underside dull sulphur-yellow, the bands of a 
slightly darker somewhat purpurascent yellow ; forewing with an oblique 
oval black ring near base of the cell, a black-lined bar across middle of 
the cell from the costal edge, an oblique discal band from the costal edge, 
broken, but not disconnected, at lower end of the cell, a short upper 
discal bar, and two shorter subapical bars beyond, a submarginal band 
and a slender bioken lunular marginal line ; all but the last traversed by 
an extremely slight silvery line ; beneath the cell is a dusky brown fascia, 
and a dusky streak also is at end of the submarginal band : hindwing 
with a small spot at base of the cell, three transverse subbasal oval black 
rings, a transverse medial band, broken at lower end, then bent upward 
to abdominal margin, and ending in a small ring-spot, and outer discal 
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upper band, a narrower eubmarginal band broken above anal angle and 
bent upward, all traversed by an extremely slight silvery line ; anal lobe- 
spots large, black, surmounted by bright scarlet. 

Female. Upperside paler dusky olive-brown : forewing with sub- 
apical darker spot bordered on each side by red ; basal area below the 
cell slaty-grey : hind wing with the lower basal area slaty-grey ; anal lobe- 
as in male. Underside as in male. 

Expanse S I2, ? If inch. 

Hab. Nepal (Bamsay), Sikkim. In coll. British Museum, and 
Indian Museum, Calcutta. 

Nearest allied to A, lunulifer, 

Aphnjius zebrinus, n. sp. 

Male. Upperside dark brown, base of wings dark brownish violet- 
blue ; anal black spot large, broadly bordered with red. Female. Up- 
perside darker violet-brown, base of wings dark slaty violet-blue. 
Underside very pale ochreous, posterio;r border of forewing whitish. 
All the bands purplish-black, as in A, zoilus ; forewing with the extreme 
costal edge black, the bands also extending from the costal edge ; basal 
streak long and joined to the black costal border, with a cross bar from 
its upper end, and a band crossing the middle of the cell (both of which 
■join the streak below the base of the cell) , the oblique discal band and the 
transverse submarginal band are joined together at their lower end, and 
the two short upper discal bars are also joined together, the marginal 
band is broad with a very narrow interline between it and the submar- 
ginal band ; hind wing with the upper basal streak slender, the subbasal 
band entire and continued to the angle of the discal band above the 
bright red anal area, black lobe- spots large, the discal and outer bands 
broad. 

Expanse ^ If , $ If inch. 

Hab. Ceylon. In coll. British Museum. 

Nearest allied to the Andamanese species, A. zoilus. Distinguish- 
able from it by its smaller size, by the bands on the forewing all starting 
from the extreme costal edge, by the oblique discal band and the submar- 
ginal band being broadly joined at their base, and by the marginal band 
being broader on both wings. * 

APHNiEUS LILACINUS, n. Sp. 

Male. Upperside brown : forewing with the basal and discal area, 
including the cell, pale lilacine-blue ; a blackish spot at end of the cell : 
hindwing with the basal and medial area pale lilacine-blue \ anal lobe 
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ochreons, with a very small silver-speckled black spot. Underside pale 
brownish-ochreous : forewing with two black rings in the cell, a band at 
end of the cell dilated beneath and extending obliquely to the sub- 
median, a ringlet spot beyond end of the cell, an upper discal inwardly 
oblique double ringlet spot and a submarginal broad chain-like band, the 
lower ends dusky, and each traversed by a black silvery streak : hind- 
wing with very indistinct traces of darker-coloured transverse subbasal, 
discal, and submarginal bands, which are traversed by silvery black 
streaks ; anal spots minute, silver- speckled. The silvery streak tra- 
verses the middle of the markings, except on the submarginal band of 
both wings, where it extends along the outer border. 

Expanse, ly\y inch. 

Had. ? In coll. Indian Museum, Calcutta. 

EuASPA, n. g. 

Forewing short, broad, costa arched from the base, exterior margin 
erect, convex, posterior margin long, straight ; first subcostal emitted at 
two-sixths and second at one-sixth before end of the cell, second bifid 
at two-thirds from its base, fourth and fifth from end of the cell ; disco- 
cellular very slender, erect, waved ; radial from its middle ; cell broad, 
extending to half length of the wing ; middle median from near end of 
the cell, lower at one-third before the end, submedian straight : hind- 
wing short, very broad, exterior margin convex and slightly sinuous, with 
a single slender tail from end of lower median ; costal and subcostal 
veins joined together at their base, costal much arched from the junc- 
ture ; cell broad, extending to half length of the wing ; first subcostal 
emitted at one-fifth before end of the cell ; discocellular very slender, 
erect ; radial from near its middle ; two upper medians from end of the 
cell, lower at one-third before the end ; submedian curved, internal 
short, recurved. Body short ; palpi porrect, second joint long, extend- 
ing half beyond front of the head, pilose beneath, third joint slender, 
one-fifth as long as the second ; legs slender ; antenme thickened at the 
end, tip blunt. 

EUASPA MILIONIA. 
Myrina mi/tonta, Howitson, Illast. D. Lcp. p. 6, pi. 3, fig. 90, 80 (1869). 
Hab. iTepal. Kangra. 

Genus HvPOLYCiENA. 

Fclder, Wien. Ent. Monats. vi, p. 293 (1862). 

Male, Wings short, broad : forewing arched at the base, posterior 
margin nearly as long as the costal. Uppersido with a large glandular 
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})atch of scales extending broadly across end of the cell ; four subcostal 
branches, the first emitted at two-fifths, second at one-fourth, and third 
from close before end of the cell ; discocellular slender, straight ; radial 
from its middle ; cell extending to more than half length of the wing ; 
lower median emitted at nearly one-third and middle median from near 
end of the cell ; submedian straight : hindwing short, somewhat pro- 
duced hind ward, anal lobe prominent ; with a slender tail from end of 
lower median and another from the submedian ; costal vein much arched 
at the base ; first subcostal emitted at one-third before end of the cell ; 
the cell broad and extending to half length of the wing ; discocellular 
recui-ved ; radial from its middle ; lower median emitted at nearly one- 
half and middle median from near end of the cell ; submedian straight ; 
internal recurved. Palpi porrect, second joint stout, third joint very 
long, of nearly the same length as the second ; legs slender ; antenna) 
with a gradually thickened club. 

Type, H, tmolus, 

Hypolycjina tmolus. 

Hypolycccna tmoliM, Folder, Wien. Ent. Monats. vi, p. 293 (18G2). Howits., 
111. D. Lep. p. 49, pi. 21, figs. 3, 6. 

Hab. Philippines. 

Htpoltcjena sipylus. 

Hypolycoena sipylus^ Feld., Reise Novara, Lop. ii, p. 242, pi. 30, figs. 15, IG. 
Hewits., lU. D. Lop. pi. 22, figs. 13, 14. 

Myrina sipylus, Fold., Sitzb. Ak. Wifls. Wion, 1860, p. 451. 

Hab. Amboina. 

HYPOLTCiENA THARBYTAS. 

Hypolycosna tharrytas, Fold., Wion. Ent, Monats. vi, p. 294 (1862). 
Hyp. sisyphusy Howits., 1. c. pi. 22, fig. 11, 12. 

Hab. Luzon. 

Hypolyc^na erylus. 

Polyommatus erylus, Godt., Enc. Moth, ix, p. 633, (1823). 
Amhlypodia eryluSy Horsf., Catal. Lop. Mas. E. I. C. p. Ill (1829). 
Hypolyccena erylv^Sf Howits., 111. D. Lep. p. 49, pi. 21, figs. 1, 2, 4. 

Hab. N. E. Bengal, Sikkim, Khasia Hills, Cherra Punji, Burmah, 
Malacca, Singapore. 
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HyPOLTCiENA ANDAMANA. 

HypolyccBna andamana, Moore, P. Z. S. 1877, p. 589. 
Hab. Andamans. 

Htpolycjena thecloides. 

Myrina thecloides, Feld., Wion. Ent. Monats. iv, p. 395 (1860). 

Hab. Malacca, Singapore. 

Htpoltcjena asttla. 

HypolyccBna astyla, Feld., Wioii.,Ent. Monata. vi, p. 294 (1862) ; Beise Noram 
Lop. ii, p. 243, pi. 30, flga. 17, 18, 

Hab. Philippines. 

Drupadia, n. g. 

Differs from typical Hypohjc€Pna in the more triangular form of 
forewing, the costa being longer and more regularly convex, the exterior 
margin more oblique, and the posterior margin shorter and convex to- 
wards the base : hindwing somewhat shorter, the costa being very con- 
vex in the middle, the exterior margin truncated from the middle me- 
dian, the male on the upperside with a prominent glandular patch of 
scales between the costal and subcostal veins, and with three tails, the 
middle one being long the others short. Second joint of palpi much 
longer and the third shorter and stouter. 

Type, D. ravindra {Myrina ravindra, Horsf.). 

Dbupadia boisduvalii, n. sp. 

Myrina liaias, Boisd., Spec. Gon. Lep. Pap. pi. 22, fig. 2 ^ (nee Fabr.). 

Male. Upperside : forewing purplish violet-brown, with a broad 
oblique transverse discal almost quadrate red band : hindwing cobalt-blue> 
darkest and purplish-violaceous anteriorly ; costal border and abdominal 
margin violet-brown ; cilia and tails edged with white. 

Female. Upperside : forewing somewhat paler brown, the red band 
of the same width and quadrangular form as in male : hindwing pale 
violet-brown, the discal area somewhat red-streaked ; above the tails are 
four black spots surmounted by lilac scales. 

Underside : forewing ochreous-red, with a brighter red pale-bordered 
streak at base of the cell, a band across middle of the cell, another at its 
end, and a similar discal band which has a slightly dusky lunulated bor- 
der at the upper outer end, a submarginal slender black slightly sinuous 
line : hindwing white, the cosUil border and apex being slightly red, with 
the basal and subbasal spots entirely black, a duplex slender black streak 
at cud of the cell, a similar one above it, a discal zigzag duplex line, and 
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a single black snbmarginal line ; a large anal and a subanal black spot 
surmounted by metallic-blue scg-les, which also traverse the intervening 
subanal space. 

Expanse S li, ? If inch. 

Hab. Moulmein ; Mergui. In coU. F. Moore and Indian Museum, 
Calcutta. 

Brujpadia lisias {Pap. lisias, Fabr.) badly figured in Donovan's Ins. 
of India, pi. 40, fig. 1, — is distinct from the above. Both sexes of the 
type of D. lisias are in the British Museum Collection. 

Drupadia fabricii, n. sp. 

Female. Upperside : forewing violet-brown, with a slightly broader 
and more irregular-shaped oblique medial red band than in female of 
typical D. lisias ^ the band also having its outer border scalloped : 
hindwing paler brown, with grey-bordered anal marginal spots. Under- 
side also differs from D. lisias in the apical area of forewing being 
suffused with a dusky tint ; at the base of the cell is a small round pale- 
bordered spot, not an elongated triangular mark as in D. lisias, the 
short band crossing the middle of the cell is black, the streak at end of 
the cell is more distinct, the transverse discal band black-lined and black- 
ish internally at upper end, the submarginal line also being broader and 
more prominent : hindwing with the markings less prominent than in 
D. lisias, the basal bar shorter, the outer costal narrow streak further 
from the second, the first bar between the subcostals being midway be- 
low the two outer costals, the three subbasal spots are small and widely 
separated, the bar at end of the cell and the spot beneath it are pale- 
centred, the zigzag discal interrupted band is composed of duplex streaks,, 
which are wide apart with the interspace white. 

Expanse ? l-/o inch. 

Hab. Mergui. In coll. Indian Museum, Calcutta. 

ClILIARIA, n. g. 

Male. Wings small : forewing ti-iangular ; costa gently arched ; 
exterior margin oblique, posterior margin straight ; four subcostal 
bi-anchcs, first emitted at one- third before end of the cell and slightly 
touching the costal vein near its end ; second and third biiinclios at 
equal distances apart ; cell extending to nearly half length of the wing ; 
discocellular extremely slender ; one radial from near its middle ; the 
middle median from near end of the cell, lower at one-third before the 
end ; submedian nearly straight : hindwing short ; apex convex, exterior 
mai'gin oblique and waved j cell short, broad j costa ai'ched from near 
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the base ; first subcostal from near end of the cell ; discocellnlar ex- 
tremely slender, oblique ; radial from it^ middle ; two upper medians 
from end of the cell, lower at nearly one-half before the end ; submedian 
straight ; internal recurved ; a slender tail from end of lower median and 
another from the submedian. Palpi porrect, second joint stout, third 
joint very slender ; antennsB with a short spatular club. 

Type, (7. othona. 

Chliabu othona. 

Hypolyccsna othona, Hewitg., lUuat. D. Lep. p. 60, pi. 22, Eg. 17, 18 (1865). 
Hab. Darjiling. Khasia Hills. 

Ghliabia eltola. 

Hypolyemna eltola, Hewits., Illiiflt. D. Lep. Sappl. p. 14, pi. 6, fig. 37, 88 (1869). 

Hab. Andamans. 

Chliaria kina. 

Hypolyccena kima, Hewits., lUuBt. D. Lep. Sappl. p. 13, pi. 6, fig. 32, 34 (1869). 
Hab. Sikkim. Nepal. 

Chliaria cuanorana. 

UypolyecBna chandrana, Moore, P. Z. S. 1882, p. 249, pi. zi, fig. 2, 2a. 

Hab. Lahul, N. W. Himalaya. 

Chliaria cachaka. 

Uypolycama cachara, Moore, P. Z. S. 1883, p. 527, pi. zlix. fig. 6. 

Hab. Cachar. 

Chliaria nilgiriga. 

Hypolycama nilgiricat Moore, P. Z. S. 1883, p. 527, pi. zliz, fig. 8. 

Hab. Nilgiris. 

Sinthusa, n. g. 

Male. Wings small : fore wing somewhat broad, costa arched at the 
base, apex pointed, exterior margin slightly oblique and convex, posterior 
margin convex near the base ; subcostal vein five-branched, first branch 
emitted at nearly one-half, second at one-fourth, and third from near the 
end of the cell, third bifid near its end ; cell extending to half length of 
5 
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the wing ; disoocellular slender ; radial from its middle ; lower median 
at more than one- third and ^middle median from near end of the cell ; 
submedian straight : hindwing short, broad, costa arched in the middle, 
exterior margin with a single slender tail from end of lower median ; 
cell broad, triangular, extending half the wing ; first subcostal at one- 
half before end of the cell ; disoocellular oblique, slender ; radial from 
its middle ; lower median at nearly one-half and middle median from 
near end of the cell ; submedian and internal veins recurved. Palpi 
porrect, second joint long, third joint short, slender, pointed ; antenna 
with a large thick pointed club. 

Type, S. nasaka. 

SiNTHUSA NASAKA. 

Thecla nasdkat Horsfield, Gatal. Lep. Mas. E. I. C. p. 91 (1829). 
Deudorix nasaka, HewitB., lUast. D. Lep. pi. 6, fig. 45, 46. 

Hab. Java. 

SiNTHUSA MALIKA. 

Theela malika, Horsfleld, Catal. Lep. Mus. B. I. G. p. 90 (1829). 
Dipsas malikaf Moore, Catal. Lep. Mus. E. I. C. I. pi. 1 a., fig. 5 (1857). 
Myrina malikaf Hewits., lUust. D. Lep. pi. 15, fig. 41 — 43. 

Hab. Java. Sumatra. 

SiNTHUSA GROTEI. 
Hypolycoena grotei, Moore, P. Z. S. 1883, p. 527, pi. 49, fig. 5. 
Hab. N. E. Bengal (Grote). 

Genus loLAUS. 

Hiibner, Verz. bek. Schmett. p. 81 (1816-18). 

Male. Fore wing short, broad ; costa very much arched from the 
base, apex acute, exterior margin very slightly oblique, posterior margin 
long, slightly convex in middle, the convex edge being fringed with long 
hairs ; on the underside of the wing is a glandular patch of scales situat- 
ed immediately above the submedian vein ; cell broad, extending in 
length to half the wing ; costal vein short ; subcostal arched from the 
base, first branch emitted at one-half, second at one-fourth, and third 
inmiediately before end of the cell, third trifid at three-fourths from its 
base, fifth from end of the cell ; discocellulars erect, upper shortest ; 
radial from near their middle ; the middle median emitted from near end 
of the cell, lower at one-fourth before the end ; submedian straight : 
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hindwing short, lengthened hindward ; costa very convex, apex almost 
angular, exterior margin very oblique and sinuous, lobate at anal angle, 
furnished with two short slender tails ; on the upperside is a subcostal 
glandular patch of scales ; costal and subcostal veins joined together for 
a short distance at their base, widely separated beyond^ coetal much 
arched from the basal juncture ; cell broad^ triangular ; two subcostal 
branches, first emitted at one-third before end of the cell ; diBCOcellulars 
very oblique ; radial from near their middle ; two upper medians from end 
of the cell, lower at one-third before the end ; median straight ; internal 
short. Body moderate ; palpi ascending, second joint long, ascending 
above level of the eyes, third joint half its length, .slender ; legs slender ; 
antennoB slender, gradually thickened to end, tip pointed. 

Type, I. helius (Jielius^ Fabr, ; Hewits., Ill, D. L. Suppl. pi. 4, f. 31.) 
The typical species of lolaus are African. The characters of the 
genus are here given for comparison with its Asiatic allies. 

COPHANTA, n. g. 

Forewing broad, costa arched, exterior margin slightly convex, 
posterior margin nearly straight ; cell broad, extending to half length 
of the wing, costal vein extending to half the margin ; first subcos- 
tal emitted at two-fifths and second at one-fourth before end of the cell, 
third bifid at nearly two-thirds from the base ; discocellular slender, 
slightly bent outward in the middle ; the radial from its angle ; lower 
median at one-third and middle median from close before end of the 
cell ; submedian straight : hindwing broad, costa abruptly arched at 
the base, apex convex, exterior margin obHque and sinuous from middle 
median, anal angle lobed, with a slender tail from lower median and 
another from submedian ; costal and subcostal joined together for a 
short distance at the base, the costal much arched from above the junc- 
ture, and extending to the apex ; first subcostal emitted at one-fifth be- 
fore end of the cell ; discocellular outwardly oblique and bent outward at 
the middle ; the radial from its angle ; cell broad, extending to nearly 
half the wing ; lower median at one-third and middle median from im- 
mediately before end of the cell ; submedian straight ; internal recurved. 
Body short, thick ; palpi porrect, second joint long, extending half length 
beyond the eyes, third joint slender, slightly fusiform, nearly half length 
of the second ; antennad short, stout, with a gradually thickened club ; 
legs short. 

Type, (7, illurgis. 
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COPHANTA ILLUROIS. 
lolaus illurgis, Hewitson, Illusl. D. Lep. Suppl. p. 10, pi. 4, fig. 87, 38 (1869). 

Hab. Darjiling. 

CoPHANTA MACULATA. 
lolaus macvXatus, Hewits., lllnst. D. Lep. p. 47, pi. 21, fig. 29, 80 (1865). 
Hab. Silhet. Darjeeling. 

Dacalana, n. g. 

Male. Forewing comparatively more triangular than in typical 
lolaus (J. }i€liv>s)y the exterior margin being somewhat oblique, and the 
posterior margin shorter ; venation similar ; on the upperside of the 
typical species, between the median and submedian veins, is a tuft of fine 
hairs covering a small glandular-scaled spot, and on the underside there 
is also a tuft of hairs on the middle of the posterior margin : hindwing 
comparatively broader, being less produced hindward, the apex more 
convex, and the glandular subcostal spot less prominent. 

Type, D. vidura {Amhlyjp, vidura), 

Dacalana vidura. 

Amblypodia vidura^ Horsf., Gatal. Lep. Mas. E. I. G. p. 113, pi. 1, fig. 6, 6a. cf y 
(1829). 

Hab. Java. Borneo. 

Dacalana bubmana, n. sp. 

From typical Javan D. vidura^ this differs in the darker blue of the 
upperside. The colour of the underside is also brighter and of an 
ochreous -brown tint, the transverse white band is somewhat broader, the 
submarginal black line composed of short curved portions between the 
veins, and the whole series forms a more curved line in crossing each 
wing ; the black subanal and lobe-spot is slightly smaller, and the former 
is but very slightly surmounted with red. 

Expanse 9 li inch. 

Hab. Moulmein. In coll. British Museum. 

Dacalana cotys. 

lolaua cotys J Hewitson, Illoflt. D. Lep. p. 43, pi. 19, fig. 19, 20 (1865). 
Hab. Nepal. Darjiling. 
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Gtenufl Pratapa, Moore. 

Pratapa bhotea, n. sp. 

Female. Upperaide porpurascent grejish-blue : fore wing with the 
anterior margin from the costal vein, the apex broadly, and the exterior 
margin violet-brown ; cilia grey : hind wing with a marginal row of nar- 
row violet-black spots ending in a red anal lobe- spot ; a slender black 
marginal line ; cilia greyish- white ; the two tails black with white 
cilia. 

Underside glossy purpurascent greyish- white : forewing with an 
indistinct darker bluish-grey streak at end of the cell, and two slender 
lunnlar fascisB along exterior margin ; a transverse discal slender promi- 
nent black broken sinuons line : hindwing with a similar cell streak and 
outer marginal fascisa, the latter darkest at anal end ; a jet black anal 
lobe-spot, on which are a few scarlet scales and some turquoise-blue 
scales along its inner border ; a transverse discal zigzag slender black 
broken line ending upward above the anal lobe. 

Expanse 1^ inch. 

Has. Sikkim. In coll. Indian Museum, Calcutta. 

Remelana, n. g. 

Male. Forewing less triangular than in Tajuria (T. longinuSy Fabr.), 
the costal margin more abruptly arched at the base, exterior margin 
slightly convex, posterior angle rounded : hindwing broader and less 
produced hindward ; costa less arched at the base, very convex external- 
ly, with a slender tail from end of lower median and another from the 
Bubmedian, abdominal margin short. Palpi shorter, second joint stouter, 
and third joint longer ; antennsD shorter, tip shorter and more regularly 
clavate. Venation similar. 

Type, R, jangala, 

Remelana janoala. 

Aniblypodia jangalOf Horsfield, Gatal. Lep. Mas. E. I. G. p. 118 (1829), $ ; Moore, 
ibid. p. 40, pi. 1 a, f . 11, ^ . 

Has. Java. N. E. Bengal. 

Remelana teavana. 

Myrina travanaf Hewitson, Illost. D. Lep. p. 38, pL 17, f . 59-60 (1865) ^ . 
Has. Sumatra. Singapore. Borneo. 
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Apporasa, n. g. 

From Thnduka this difPers in the forewing having the exterior 
margin biangulated and produced outward below the apex. In the 
hindwing the costa is longer, arched at the base, and produced to an 
upward angle at the apex ; the exterior margin is deeply scalloped ; it 
also has three shorter tails. Palpi long, porrect, second joint extending 
two-thirds beyond the eyes, third joint also long and slender, being half 
the length of second ; antennee stouter and blunt at tip. 

Apporasa atkinsoni. 

Amblypodia atkirMoni, Hewits., Catal. Lyo, Brit. Mas. p. 3. pi. 8, fig. 92, 93 
(1862). 

Hab. Moulmein. 

Satadra, n. g. 

Forewing comparatively longer and narrower than in typical Pan^^ 
chala, the costa abruptly arched at the base, exterior margin oblique : 
hindwing slightly but regularly arched along the costa, apex very con- 
vox, exterior margin oblique, with a slender tail at end of lower median 
vein and a point at end of both the middle median and submedian. 
Venation similar to that of Panchala* 

Type, S* atrax. 

Satadra alea. 

Amblypodia alea, Howitg., Catal. Lyo. B. M. p. 12, pi. 7, fig. 79, 81 (1862). 
Hab. India. 

Satadra selta. 

Amblypodia selta, Howits., 111. D. Lop. p. 14. pi. 3a, f. 36, 37 (1869). 
Hab. Moulmein. 

Satadra aoaba. 

Amblypodia agaba, Howits., Catal. Lyo. B. M. p. 8, pL 4, f. 89, 40 (1862). 
Hab. India. 
In the Hewitson Cabinet this species is placed under S. alea. 

Satadra bupola. 

Amblypodia Uipola, Hewits., 111. D. Lop. ii. Rnppl. p. 21, pi. 8, fig. 44, 45 (1878). 
Uab. Nepal. Darjiling. 
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Satadra bazalus. 
Amblypodia hazalus, Hewite., Catal. Lye. B.*M. pi. 4, fig. 37, 38 (1862) <J . 

Hab. Nepal. 

Satadra atrax. 

Amblypodia atraxy Hewits., Catal. Lyo. B. M. p. 13, pi. 7, fig. 80, 82 (18C2). 

Hab. Nepal. 

Satadra antuelus. 

Amblypodia anthelv^t Doubleday and Hewits., G^. D. L. pi. 74, f* 6 (1852). 
Hewits., Catal. Lye. B. M. pi. 3, f. 23. 24. 

Hab. Moulmein. 

Satadra canaraiga, n. sp. 

Allied to 8, alea (Amblypodia alea, Hewits). Male and female. 
Upperside of a more purplish violet-blue than in 8. alea, the marginal 
black border comparatively narrower in the male. Underside of a darker 
purplish violet-brown : forewing with the basal spotd darker, the two 
cell-spots very small and round, the discocellular spot and the two below 
the cell narrower, the transverse discal band regular and not broken on 
the upper median vein, the submarginal and marginal lunules obsoles- 
cent : hind wing with the basal and subbasal spots darker and very small, 
the discal zigzag band narrower and less distinct, the submarginal and 
marginal lunules obsolescent; anal angle less speckled with metallic- 
green scales, the anal black spot only present. 

Expanse i If, 9 If inch. 

Hab. Canara, S. India (Ward), In coll. F. Moore. 

In 8. alea the underside is uniformly purplish-brown, the markings 
all of a regular colour and distinctly lined with pale purplish- white. 

Satadra chola, n. sp. 

Closely allied to 8. areste (Amblypodia areste, Hewits.). Male. 
Upperside of a comparatively darker purplish blue, the marginal black 
borders being one half less the width. Female. Upperside also with the 
blue area extending comparatively more over the disc. Underside : fore- 
wing more dusky olive-brown in colour, with much narrower whitish 
cell-streak, quadrate spot beneath it, and transverse discal band, the 
outer band being more defined: hindwing with similarly disposed 
markings except that the subbasal baud is very broad and entire (not 
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macular as in 8, areste), and the markings are all of a dark somewhat 
aenescent-brown, with pale pinkish- white borders and the interspaces 
pale pinkish violet colour (not grey as in 8, areste) ; at the anal angle is 
a marginal black spot and another between the middle and lower median 
veins, both spots and the intervening marginal space speckled with me- 
tallic-green scales. 

Expanse i 2 l-i^ inch. 

Hab. Sikkim. In coll. Indian Museum, Calcutta, and F. Moore. 

Satadra lazula, n. sp. 

Male. Upperside of both wings entirely ultramarine-blue ; the ex- 
treme costal edge of f orewing, the costal and abdominal borders of hind- 
wing, and the cilia being black. 

Female. Dark violet-brown, the forewing with ultramarine- blue 
within the cell and obliquely below on the disc, and narrowly on middle 
of the hind wing from base of the cell. Underside dark purple-brown : 
forewing with similarly disposed but broader markings than those in 
8. cholay the two outer bands purplish- violet : hindwing dark purple- 
brown, with similar markings to those in 8. chola^ the discal bands con- 
tinuous, the interspaces brighter pink, the anal marginal spots small and 
more numerously green-speckled. 

Expanse 1^ inch. 

Had. Sikkim. In coll. Indian Museum, Calcutta, and F. Moore. 

Satadra patuna, n. sp. 

Female. Smaller than 8. lazula, Upperside dark violet-brown, 
the basal and discal areas purplish-blue, paler than in 8. lazula^ but 
disposed as in female of that species. Underside purplish-brown : fore- 
wing with similarly disposed cell, streak, discal band, and lower quadrate 
patches, but of a pale ochreous colour : hindwing with the basal area 
broadly and entirely dark bright purple-brown (more like that of typi- 
cal /S. apidantLs), which merges into a transverse broad pale purplish- 
ochreous inner discal fascia, and again into a dark purplish-brown outer 
discal fascia, the outer border of the wing being broadly pale purplish- 
brown ; across the disc are traced two series of indistinct brown-lined 
marks, which are similarly disposed to, but are less continuous than, those 
in 8, lazula ; an indistinct brown marginal lunular line, but no metallic 
speckles at anal angle. 

Expanse I^ inch. 

Hab. Nepal (General Eamsay), In coll. F. Moore. 
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SaTADRA CiECA. 
Ambhjpodia ccEca, Hewits., 111. D. Lep. p. 14, pi. 4, fig. 28 (1863). 
Hab. Borneo (Sarawak). 

Satadra areste. 

Amhlypodia areHte, Hewits. Catal. Lye. B. M. pi. 5. f. 43, 44 (1862). 
Hab. Darjiliiig. 

Satadra fuloida. 

Amhlypodia fulgida, Hewits., 111. D. Lep. p. 11, pi. 5, fig. 31 (1863). 
Hab. [? Philippines]. N. India. 

Satadra chinensis. 

Arhopida ch%nf*nHi«, Feld., Heise Novara Lep. ii, p. 231, pi. 29, f. 10 (1865). 
Hab. China. 

Satadra diardi. 

Amhlypodia diardij Hewits., Catal. Lye. B. M. p. 9, pi. 5, f. 41, 42, (1862). 
Hab. Penang. Singapore. 

Satadra afidanus. 

Papilio apidnnuM, Cnim., Pap. Exot. ii. pi. 137. f. F. G. (1779). 
Amhlypodia apidnniiH, Ilorsf., Catal. Lep. Mas. E. 1. C. p. 100 (1829). 

Hab. Java. Sumatra. Borneo. 

Satadra abse.ns. 

Amhlypodia ah.-<enHj Hewits., Catal. Lye. B. M. p. 9, pi. 5, f. 51, 52 (1862). 
Hab. Darjiling. 

Satadra zkta. 

Amhlypodia zeta, Moore, P. Z. S. 1877, p. 590, pi. 58, f. 6. 
Hab. Audaraans.. 

ACESINA, n. g. 

Forewing with the costa less arched than in Fanckalay apex less 
pointed, exterior margin more oblique, and waved ; fourth subcostal vein 
emitted further from end of the third : hindvving not so broad or quadrato 
in slia{)e, the costa but slightly arched from the base, exterior margin 
more oblique and regularly convex, with a slender tail one-fourth of an 
an inch long from end of lower median vein ; abdominal margin shorter. 
Antennal club somewhat shorter. 

Type, A. paraganesa. 
6 
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ACESINA PARAGANESA. 

Amhlypodia paraganesa, Dc Niceville, Jonm. Asiat. Soc. Bengal, 1882, p. 63. 

Panchala paraganesay Mooro, P. Z. S. 1883, p. 530. 

Amhlypodia ganesUf llewits., Catal. Lye. B. M. pi. 7, f. 72 (1862). 

Hab. Nepal. 

Darasana, n. g. 

Forewing short, broad, triangular ; apex acute, exterior margin very 
slightly oblique, posterior angle somewhat rounded : hindwing short, 
broad ; costa arched towards the base, exterior margin very convex ; no 
tail. Antenna) slender. 

Type, V. iierimuta. 

Darasana perimuta. 

Amhhjpodia perimuta, Mooro, Catal. Lcp. Mus. E. I. C. 1, p. 42 (1857). Ucnrits. 
Catal. Lye. B. M. p. 12, pi. G, fig. G5, GG. 

Hab. Kliasia Hills. Magaree, Pegu. 

Darasana newara, n. sp. 
Upperside violet-brown : forewing with the basal and discal area 
purplish violet-blue, which extends also above the cell to near the costal 
edge, the outer brown border being about one-tenth of an inch in \%'idth : 
hindwing with the basal area purplish violet-blue, the outer border bein^ 
two-tenths of an inch in width. Underside pale-brown ; with faint traces 
of pale-bordered marks within and beneath the cell, at its end, and a 
more distinct narrow macular discal and submarginal lunular band : 
hindwing with four indistinct })ale-bordered darker brown basal spots, 
a similar subbasal series, a discal broken band, and marginal double 
lunular band. 

Expanse l^^ inch. 

Hab. Nepal (GenL liamsay). In Coll. F. JVIoore. 

Genus Narathura, Moore. 
Narathura roona, n. sp. 

Closely allied to, but smaller than iV. aroa (Ambh/podi'n aroa, Hewit- 
son. 111. D. Lcp. p. 13, pi. 2, f. 12), from Sumatm. Female. Upperside 
dark violet-brown, costal edge and cilia jmler : forewing with the basid 
and discal area, and the hindwing with the basal and medial discal area, 
violet-blue. Underside of a similar tint of brown to tliat in N. anxi, mark- 
ings also similarly dis^wsud, but with darker centres ; on the forewing 
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the cell-spots are smaller and oval in shape, and the discal band broader ; 
on the hindwing the basal spots are more rounded, the discal band more 
conspicuous and less zigzag in shape, and the submarginal and marginal 
lunular line more distinctly formed ; at the anal angle is a black spot and 
another between the median veins, the spots and intervening space being 
speckled with metallic- green scales. 

Expanse l-^^ inch. 

Hab. Andaman Isles. In coll. Indian Museum, Caicuttai and British 
Museum (Hewitson Cabinet). 

Genus Amblypodia, Horsfield, 
Amblypodia andersonii, n. sp. 

Male. Smaller than A. taooana, Upperside of a similar tint of 
ultitunarine-bluo ^ both wings with a much narrower black marginal 
border. Underside much darker-coloured, but similarly marked. 

Expanse 1 J inch. 

Hab. Sampu, Mergui (Dr. Anderson). In coll. Ind. Mus., Calcutta. 

Family PAPILIONID^. 

Subfamily Pierinj:. 
Genus Catophaoa, Hiibner. 

Catophaoa wardii, n. sp. 

Allied to the South Indian and Ceylonese 0. neovibo. Male and 
female of much larger size. 

Male. Upperside olivaceous-white : forewing with a broad black 
upical band extending from middle of the costa to near the posterior 
angle, the band traversed by a curved subapical row of Rvg small white 
8i)ot8, the inner border of the band excavated below the costa to below 
the second upper spot, then bulged inward to the disc in front of the two 
lower spots, concave below the middle median to lower median, below 
which the end of the band is imperfect and terminates on the submedian ; 
base of wing broadly grey and sparsely speckled with minute black 
scales on base of the costa : hindwing with a marginal series of broad 
black confluent dentate spots, which decrease in width from the costa. 
Underside : forewing olivaceous- white, apex pale yellow, with a curved 
black subapical band similar to the inner portion on the upperside : hind* 
wing pale yellow tliroughout. 

Female. Upperside of a darker tint of olivaceous* white than in 
uiak : forewing with a broader black apical band, which is traversed bj 
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three subapical white spots, the inner border of the band being less exca- 
vated below the costa, the excavated space being shorter and angular on 
the middle median, more deeply concave beneath it, and the end entirely 
black to the submedian vein : hindwing with a broader continuous black 
band, the inner border of which is acutely dentated. Underside : fore- 
wing with the basal area tinged with yellow, the discal area olivaceous- 
white, and the apex glossy olivaceous- white ; a broad curved subapical 
black band corresponding to the inner portion on the upperside : hind- 
wing entirely pale glossy olivaceous- white. 

Expanse <?, ? 2f inches. 

Hab. Coonoor, Nilgiris, S. India {Ward and Lindsay). In coll. 
Indian Museum, Calcutta, and F. Moore. 

Catophaga roepstorffii, n. sp. 

Male. Upperside white : forewing slightly grey and sparsely black- 
scaled along base of costal border ; a black speckled spot between upper 
and middle median veins. Hindwing immaculate. Underside : fore- 
wing white, apex very pale yellow ; the black- speckled spot as above : 
hindwing very pale yellow. 

Expanse 2f inches. 

Hab. Nicobar Isles. In coll. Indian Museum, Calcutta. 

Near to C. paulina. Male. Differs from the same sex of that spe- 
cies in the entire absence of the blackish apical margin on the forewing, 
and in the presence of the discal spot. 

Genus IxiAS, Hiibner. 

IXIAS GANDUCA, n. sp. 

Male and female. Upperside deep sulphur-yellow : male : forewing 
with the apex brownish black traversed by a moderately broad orange- 
red subapical band, the inner border of the band being very slightly 
edged with black : hindwing with a very slender black- speckled marginal 
band. 

Female : forewing with a narrower and more irregular-bordered sub- 
apical band, which is slightly tinged with orange-yellow, the inner border 
of the band is broadly black across end of the cell, and from the upper 
median to the indentation of the lower portion of the band the border 
consists of a very slender black-speckled line, the lower portion of the 
band is indented with black, the next upper interspace has a medial black 
spot, and the third upper interspace is broken by a large black spot : 
hindwing with a broader dentate-bordered black marginal band. Under- 
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side of both sexes ochreous-yellow, palest on bsise of the forewing ; both 
wings with sparsely disposed slender brown strigea : forewing with a 
blackish spot at end of the cell, a transverse' discal row of purple-brown- 
epeckled spots with white centres : hind wing with a similar white-centred 
purple-brown-speckled costal spot and row of discal spots, the second and 
third apper spots being the largest : a brown dot also at end of the cell. 

Expanse (J 2, ? 2 J inches. 

Hab. Calcutta (February). In coll. Indian Museum, Calcutta. 

Nearest to, but distinct from, /. mouhneiiiensis. The male differs 
from it above in the comparatively narrower orange-red band and its less 
black inner border. The female also is quite different from the same 
sex of tliat species. 

Genus Idmais, Boisd. 

Idmais surya, n. sp. 

Nearest to J. oriens. Male larger, upperside much brighter-colour- 
ed, the black apical band broader, and is tmversed by three spots only, 
which are comparatively shorter ; the marginal spots are more prominent, 
the black inner border terminating on the up})er median as in /. oriens ; 
below the three subapical spots are two black spots. Cell-spot on fore- 
wing three times the size of that in /. oriens on both the upper arid 
underside : hindwing with six marginal black spots, larger than in I. 
oriens. Underside much brighter-coloured than in /. oriens; base of 
both wings deep yellow, the outer boixiers broadly suffused with orange- 
red, the discal macular band similar but much less prominent on the 
hindwing. 

Expanse 1 J- inch. 

Hah. Sonakhala, Orissa. In coll. Indian Museum, Calcutta. 

Genus Maxcipium, Hiibner. 
Maxcipium nacjaxum, n. sp. 

Male. Upperside pale yellowish- white ; forewing with the base of 
the costiil border sparsely black-speckled ; a black band at the apex, the 
inner border of the band being curved, slightly irregular, and termina- 
ting at the middle median vein ; a small black discal spot between the 
upper and middle medians, and a slight black-speckled spot at lower end 
of the cell. Underside : forewing white, with the ap(»x pale yellow, the 
discal and discocellular spot as on upperside : hindwing yellow. 

Expanse 2 inches. 

Hah. Naga Hills, Assam. In coil. Indiau^Museum, Calcutta. 
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Genus Appias, Hiibner. 

ApPIAS AMBOIDES, n. Sp. 

Male. Upperside white : forewing with a narrow apical black band. 
Underside : forewing white, the costal border, and apex corresponding to 
the band on upperside, pale brownish-ochreous : hindwing entirely pale 
brownish-ochreous, with a slight indistinct dusky fascia extending from 
the base along the subcostal and median vein. 

Expanse 1^ inch. 

Hab. Silhet. Dihung, Assam. In coll. Indian Museum, Calcutta, 
and F. Moore. 

Genus Hiposcritia, Hiibner. 

HiPOSCRITIA IMBECILIS, n. sp. 

Male. Upperside white : forewing with a black- speckled apical band, 
which is traversed by four subapical white spots. Underside : forewing 
white, with the apex ochreous- white and slightly speckled with ochreous- 
brown scales : hindwing ochreous- white, sparsely speckled with ochreous- 
brown scales with slight traces of their clustering on the anterior margin 
near end of the costal and subcostal veins and across the disc in an indis- 
tinct zigzag fascia ; a small blackish spot at end of the cell. 

Expanse 1^ to 2 inches. 

Hab. Silhet; Assam. In coll. Indian Museum, Calcutta, and 
F. Moore. 

Allied both to IT. imlra and to -ff. mahana. Distinguished from 
the latter by its smaller size. Forewing with paler and less defined black- 
ish apical band. No subapical curved black fascia on the underside. 

Subfamily Papilionin^, 

Genus Papilio, Linn. 

Papilio ladakensis, n. sp. 

Male. Distinguished from the N. W. Himalayan P. asiaticus by 
the absence of the elongated tail on the hindwing, which in this form is 
reduced to a short point but little more acute than the anal angle. The 
forewing is comparatively narrower, and the hindwing is less convex and 
with less acutely sinuous exterior margin. On the upperside the yellow 
is also of a paler tint : forewing numerously covered with yellow scales 
between all the markings, the cell bands are shorter transversely and 
broader, and the inner cell-band is regularly quadrate ; the discal bands 
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also comparatively narrower and with more slender intervening black 
veins ; the marginal row of spots is broader, and the intervening trans- 
verse discal area is narrower : hindwing with the outer border of tho 
yellow basal area excavated between the veins, the marginal spots shorter 
and somewhat broader, the anal lobe-spot also smaller and broader. 

Expanse 3:1- inches. 

Hab. Tarhsara, Ladak. In coll. Indian Museum, Calcutta. 

Papilio sikkimensis, n. sp. 

DifEers from N. W. Himalayan and Nepalese specimens of P. asiati- 
CU8 in the very much darker black colour of the upperside ; and in tho 
fore wing having the yellow cell- bands quadrate in form, the discal band 
composed of smaller and shorter portions, and the area intervening be- 
tween the band and tho marginal spots broader. On the hindwing, tho 
veins are broadly black- lined, the abdominal border also black and leav- 
ing but a small subanal lunule ; the discal margin of the yellow area 
lias a more regularly scalloped edge, and there is also a broader discal 
area intervening between it and the marginal spots ; the cnmson amil 
lobo-spot is smaller, narrower, and has a lower retort-like black spot. 

Expanse 2J to 3f inches. 

IIab. Sikkim (Elwcs), 

Family HESPERIID^. 

CuPiTiiA, n. g. 

Male. Forewing elongated, triangular, costa arched at the Imso, 
exterior margin oblique, posterior margin convex towards the base ; first 
subcostal emitted at nearly one-half before end of the coll, the branches 
at e(pial distance a[)art ; cell extending to nearly two-thirds length of 
tho wing; discocellular almost erect, slightly bent close to upper end 
and below the middle ; upper radial from the angle near subcostal, lower 
radial from the angle below the middle ; the middle median at one-sixth, 
and lower median at four-sixths before end of the cell, submedian undu- 
lated ; on the underside of the forewing is a short, broad, nacreous patch 
on the middle of posterior margin, across which the submedian is lined 
with rough scales, and from near the base of tho margin projects a broad 
pencil of long rigid hairs : hindwing short, costa very much arched from 
the base, apex rounded ; costal vein extending to near apex, forked at 
its base ; subcostal bent npward and slightly joined to costal close to tho 
base, subcostal two-branched, first branch from close to end of the cell ; 
discocellular very slender, slightly oblique and concave ; cell extending 
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to nearly half the wing-, of equal width throughout ; middle median fronv 
near end of the cell, lowqr at more than one-half before the end, the 
portion from the middle median to lower median distorted and extending 
beneath a drum-like glandular sac, which extends upward in a circular 
form within the cell from base of Imver median, the sac, or drum, as seen 
from the upperside, is flat, with a well-defined circular rim, and on the 
undei^ide, it stands out from the surface in a corrugated circular form ; 
no radial present ; submedian st might ; internal vein curved. 
Thorax stout ; antennae with a slender club. 

Type, O, tympanifera. 

CUPITHA PURBEEA. 

Pamphila Pui-reea, Mooro, P. Z. S. 1877, p. 564, pi. 58, fig. 10, $ . Wood- 
Mason, Journ. Asiat. Soc. Bengal, 1881, p. 261. 

Hab. South Andaman. 

CUPITHA TYMPANIFERA, n. sp. 

Male. Upperside dark violet-brown ; forewing with a broad gam- 
boge-yellow basal costal band, and an oblique discal sinuous-bordered 
band extending upward from near base of the posterior margin to near 
the apex : hindwing with a broad transverse discal yellow band extend- 
ing from near the abdominal margin to near the apex and thence upward 
along the costal border. Cilia yellow. Body brown ; abdomen with 
yellow bands. Underside deep gamboge-yellow : forewing with a short 
ochreous-brown streak extending longitudinally from the base to end of 
the cell, and a broad patch at the posterior angle : hindwing with a 
similarly coloured speckled patch near anal angle ascending upward from 
end of submedian vein. Palpi and legs yellow, antennae annulated with 
yellow. 

Expanse <^ If. 

Hab. Magaree, Pegu. In coll. K. Moore. 

This is a comparatively larger insect than 0. purreea ; the bands on 
the forewing are broader and with more irregular borders, the bands on 
the hindwing are also broader. 

Genus Plesioneura, Felder. 

Plesioneura munda, n. sp. 

Male and female. Upperside olive-brown : forewing with an ob- 
lique transverse discal semidiaphanous white band, similar to, but more 
compact than that in P. leucocera, the apex-spot starting from above the 
costal vein, the two lower large spots, the small one beneath, as well as 
that outwardly between them, are not sepamtcd from each other, the 
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second lower spot between the median and snbmedian only being apart 
from the rest ; three subapical conjoined white spots and two minute 
lower dots ; cilia very faintly alternated brownish- white : hindwing 
uniformly olive-brown : cilia deeply alternated with white. Underside 
paler than above : forewing marked the same : hindwing numerously 
speckled with olive-green scales towards abdominal margin ; an olive- 
green-speckled lunule at end of the cell. 

Expanse If inch. 

Hab. Simla (Lang), In coll. F. Moore. 

Grenus Suastus, Moore. 

SUASTUS ADITUS, U. sp. 

Male. Upperside dark violet-brown : forewing with two small qua- 
drate yellow spots at end of the cell, a larger spot immediately beneath 
end of the cell between the middle and lower medians, and a small spot 
between the base of upper and middle medians ; between the lower 
median and submedian is a very slight trace of an opaque yellowish 
streak ; cilia edged with grey. Underside paler brown : forewing with 
the spots as above, and a whitish discal patch below them : hindwing 
speckled with olive-grey scales, which are most thickly disposed along 
the abdominal border and form a distinct line along the submedian vein ; 
two dark brown discal spots, one being situated between the middle and 
lower medians, the other between the latter and submedian. Body, pal- 
pi, and legs beneath olivaceous-grey. 

Expanse 1^ inch. 

Hab. Andaman Isles. In coll. Indian Museum, Calcutta. 

Allied to 8, sola (Sesperia sala, Hewits.). 

Suastus mollerii, n. sp. 

Male. Upperside very dark olive-brown : forewing with three small 
narrow white semidiaphanous subapical spots, a larger narrow spot at 
lower end of the cell, a still larger spot below end of the cell, and a small 
very slender spot between base of upper and middle medians ; a small 
yellowish opaque spot also above middle of the submedian : hindwing 
with the abdominal border broadly paler olive-brown. Cilia cinereous- 
white. Underside : forewing dusky-black, the costal border and apical 
area pale olive-brown ; spotted as above : hindwing very pale olive- brown, 
with the interspace between submedian and internal veins white. Palpi 
beneath, and legs, and abdomen beneath, white. 

Expanse I^ inch. 

Hab. Sikkim {Otto Moller). In colL Indian Museum, Calcutta. 
7 
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Genuff Satarupa, Moore. 

Satarupa phisara n. sp. 

Male. Upperside dark vinous-brown : forewing with two, sometimes 
three or fonr, minnte semidiaphanous yellowish white subapical spots, 
a small spot at lower end of the cell, a large quadrate spot below end of 
the cell, and a small spot also between the base of upper and middle 
medians ; a very indistinct greyish-brown-speckled submarginal lunnlar 
fascia and a similar short fascia below the quadrate discal spot : hind- 
wing with a transverse subbasal pale yellowish band, and a curved sub- 
marginal indistinct greyish-brown-speckled lunular fascia, which gives 
the discal area a macular appearance. Female : forewing marked as in 
male, the short fascia below the discal spot more distinct : hind wing 
with the transverse band somewhat broader, the discal area between it 
and the submarginal lunular fascia more distinctly macular, being tra- 
versed by pale veins. Underside as above, the markings more promi- 
nent. Abdomen with slender white narrow bands ; front of head and 
base of palpi, and pectus, orange-yellow, tip of palpi black. 

Expanse d* l^^, ? li^ inch. 

Hab. Khasia Hills. In coll. Indian' Museum, Calcutta, and F. 
Moore. 

Allied to S. bfiagava and to 8. samhara, 

Satarupa narada, n. sp. 

Upperside purpurascent violet-brown : forewing with three small 
upper and two lower subapical semidiaphanous white spots, a small erect 
oval spot at lower end of the cell, a slightly larger quadrate spot on the 
disc between upper and middle medians, and a broad band formed of three 
quadrate spots increasing in width from end of cell to posterior margin : 
hindwing with a broad white transverse medial band, the outer border 
with an ill-defined upper spot. Cilia edged with white. Underside 
marked as above ; the hindwing with the band showing a more defined 
macular outer border and a well separated upper spot. 
Expanse l-j% inch. 

Hab. Darjiling, Sikkim. In coll. Indian Museum, Calcutta, and F, 
Moore. 

Nearest allied to S. hhagava, but quite distinct. 
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Genus Tagiades, Hubner. 

Tagiades khasiana, n. Bp. 

Male. Nearest to T. ravi. Of larger size : forewing comparatively 
more pointed at the apex : hindwing also broader, and with a more an- 
gular apex. Upperside of a paler olivaceous-brown, the dusky markings 
less distinct on both wings, the apical and discal spots smaller. Female 
upperside also paler than in T. ravi, the apical spots on forewing some- 
what smaller, the cell spots similar, the two discal spots somewhat 
larger. 

Underside : forewing with the spots as above : hindwing more 
intensely whitish grey, the discal black spots much smaller and less de- 
fined. 

Expanse ^ 2, 9 2^ inches. 

Hab. Khasia Hills ; Shillong ; Assam. In coll. Indian Museum, 
Calcutta, and F. Moore. 

LOBOCLA, n. g. 

Male. Forewing triangular, the edge of the costal margin slightly 
folded over on to the upperside from near the base to end of the costal 
vein ;• the costal vein extending to three-fifths the margin ; subcostal 
five-branched, first branch emitted at one-third before end of cell, second 
and third at equal distances from the first, fourth and fifth from end of 
the cell : discocellular bent outward near upper end and inwardly ob- 
lique hind ward ; upper radial from the angle near subcostal, lower radial 
from the middle ; cell long, extending beyond two-thirds the wing ; 
tliree medians, lower at three-fourths and middle median at about one- 
fourth before end of the cell ; submedian straight : hindwing short, 
broad, apex rounded, exterior margin slightly produced and angular at 
end of submedian vein ; costal vein extending to the apex ; subcostal 
touching the costal close to the base, two-branched, first branch at one- 
fourth before end of the cell ; discocellular very slender, almost erect ; 
the radial from its middle ; cell broad, extending to half the wing ; two 
upper medians from end of the cell, lower at about one-third before the 
end ; submedian and internal vein nearly straight. Body short, stout, 
thorax hairy ; palpi broad, thickly clothed, apical joint short, thick ; 
antennae with a long slender-pointed tip ; femora and tibiae short, stout, 
slightly pilose, middle tibiae with two and hind with four spurs, tarsi 
long. 

Type, L, liliana, 

• The spocies of Erynnis ((E. alcecB, etc.) have a similar fold on the costal mar- 
inn of the forewing. 
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LOBOCLA LILIANA. 
Plesioneura IxLianay Atkinson, P. Z. S. 1871, p. 216, pi. zxii, fig. 2. 
Hab. Yunan. 

LOBOCLA CASYAPA, n. Sp. 

Differs from L. liliana in its smaller size. IJpperside somewhat 
paler and of an olive-brown tint, sparsely speckled with olive-grey scales : 
forewing with the transverse semidiaphanons yellow band one-third less 
in width, the portions being distinctly defined by the traversing brown 
veins, the subapical spots also much smaller. Underside much paler : 
forewing numerously speckled with greyish-ochreous scales at the apex, 
the band and apical spots as above : hindwing with similarly disposed 
markings, but all composed of more numerous greyish-ochreous scales, 
these scales being whitish in L. liliana. 

Expanse 1-^ inch. 

Hab. Masuri {Lang). Cashmere (Beed). In coll. Indian Museum^ 
Calcutta, and P. Moore. 
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CHAPTER I. 

Introduction. 

It is proposed in the following paper to give an account of tho 
two most important and remarkable storms that occurred in tho Bay of 
Bengal during the year 1883. The first storm was generated during 
the last week of June near tho Head of the Bay and gave very stormy 
weather off tho Bengal and Orissa coasts, and was the only occasion on 
which it was necessary to hoist tho storm signals at the Saugor Island 
station near the entrance to the Hooghly. The second storm was formed 
in the Gulf of Martaban during tho second week of November, almost at 
the end of the south-west monsoon, and pursued a very unusual course. 
It crossed into the Bay of Bengal through the channel between Capo 
Negrais and the Andaman Islands. It then slightly recurved and moved 
in a general northward direction, approaching the Arracan coast near 
Akyab, where it was broken up by the action of tho Arracan Ilills. 
8 
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The following is a list of all the cyclonic storms in the Bay of 
Bengal during the south-west ^ monsoon period of the year 1883. They 
were all of comparatively small extent and intensity, or ordinary south- 
west monsoon storms accompanied with winds of force 8 to 10 at and 
near the centre. 

1. Storm of June 13th to 20th at the commencement of the south- 
west monsoon, which gave the first heavy burst of rainfall to Behar. It 
formed near the Balasore coast on the 13th, and advanced into Behar, 
where it broke up on the 20th. 

2. Storm of June 26th to 4th July. This was generated slowly 
near the Sandheads on the 26th and 27th, was of considerable intensity, 
and remained nearly stationary until the 29th. It crossed the Balasore 
<;oast early on the morning of the 30th. 

3. Storm of July 6th to 8th. This was formed at or near the 
Sandheads under similar conditions to the preceding, but was of small 
intensity. It crossed the Balasore coast on the afternoon of the 7th. 

4. Storm of the 12th to 14th July. This began to form on the 
morning of the 12th oft the South Orissa coast, across which (between 
False Point and Gopalpore) the centre advanced on the evening of the 
13th, or early on the morning of the 14th, into the Central Provinces. 
It was of slight intensity. 

5. Storm of the 16th to 18th August. This was formed in the 
north-west angle of the Bay, and crossed the North Orissa coast near 
Balasore. This storm was very small, of very slight intensity, and of no 
importance. 

6. Storm of the 23rd to the 26th of August. This was generated 
further to the south than the preceding storm, and crossed the Granjam 
coast between Gopalpore and Vizagapatam on the evening of the 25th. 
It was of slight intensity. 

7. Storm of the 30th August to the 8rd of September. This 
depression crossed the coast near Balasore on the afternoon of the 2nd 
of September, and was of moderate intensity, 

8. Storm of the 6th and 7th of September, Thia was formed im- 
mediately after the preceding, and followed along nearly the same track, 
crossing the Orissa coast to the south of Balasore on the morning of the 
7th. It was of small intensity. 

9. Storm of the 11th to the 15th of November. This was genera- 
ted in the Martaban Gulf, and advanced in a north-westerly direction as 
far as Lat. 16° N. Long. 93° E. to the west of Diamond Island, when 
it recurved and moved northwards parallel to the coast, breaking up 
in the neighbourhood of Akyab during the afternoon of the 14th. This 
was the most severe and intense storm of the year in the Bay, but was 
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of very limited extent, and hence did not affect the weather in the north- 
west angle of the Bay. 

10. Storm of the 2nd to the 4th of December, which gave heavy 
rain at a very unusual time of the year to Bengal. 

Two of these were remarkable for the length of time that elapsed 
before they broke up after they had crossed the Bengal or Orissa coast, 
and also for the very heavy rainfall and floods which accompanied their 
existence on land. The first of these was the storm of Juno 13th to 
20th which was formed in the immediate neighbourhood of the Balasore 
coast. It drifted through Chutia Nagpur and South Behar into North 
Behar and gave excessively heavy rain to a narrow area in Behar 
stretching from Gya to Motihari and Durbhunga. This storm was 
of little importance at sea. 

The second storm of the series was similar in its general character. 
It was generated near the Head of the Bay, crossed the North Orissa 
coast, and advanced over the Orissa Hills into the Central Provinces. 
Instead of breaking up as do three out of four storms or cyclonic 
circulations which pass from the Bay into the Central Provinces, it 
acquired fresh energy and drew large supplies of vapour from the Bom- 
bay monsoon current. It advanced across the head of the Peninsula 
almost parallel to the valleys of the Nerbudda and Tapti. The heavy 
rain accompanying it caused excessive floods in those two rivers which in- 
flicted much damage on the town of Surat, and others in the lower 
portion of the valleys of these two rivers. This cyclonic circulation 
apparently broke up in the Arabian Sea in the immediate neighbourhood 
of the Guzerat and Sind coasts. 

The meteorology of India for the year 1883 was remarkable in 
several respects. One or two of the more important features had a direct 
bearing on the number and character of the cyclones. 

During the cold weatlier months several storms of unusual character 
and magnitude passed over Northern India and the Himalayas from west to 
east. They gave excessive snowfall over the higher Himalayas and affec- 
ted the weather certainly for many weeks and probably more or less per- 
manently for the year. The accumulation of snow reduced temperature 
for some time and gave a strong northerly element to the air motion 
or wind circulation over Northern India. The south-west monsoon 
set in about the normal period on the Burmah and Bengal coasts, but it 
never obtained its usual hold in Northern India. The rains were irregular 
in occurrence and distribution, and much below the average over the 
whole of Northern India. The deficiency was quite as marked in North 
Bengal as in North Behar or Rohilkliand or in the Western districts 
of the Punjab. The monsoon was in ordinary language very weak,, and 



56 J. Eliot — The South-West Monsoon Storms [No. 2, 

itfl weakness was more especially shown in Bengal by the early and 
complete termination of the rains in the last we^k of September. 

The only theory which on the whole explains the phenomena of 
cyclonic generation and motion, viz., the condensation theory, indicates 
that small cyclonic storms should be of frequent occurrence during 
the south-west monsoon, and that they should be most frequent when 
the monsoon is weak on land, or in other words, when the rainfall 
occurs to a smaller extent over the land and therefore usually to a 
greater extent over the sea area in the neighbourhood of the land. The 
rainfall in the Bay near the Burmah, Arracan, and Bengal coasts during 
the south-west monsoon of 1883 was, according to the various accounts 
received in the Meteorological Office, noticeably larger in amount than 
usual. The large number of cyclonic storms which formed during the 
period the south-west monsoon prevailed in Northern India in the year 
1883 confirms this inference from theory. 

After the south-west monsoon current finally retreated from Nor- 
thern India in the last week of September, it recurved as usual over 
the Bay. The moisture brought up by it was, however, at once dis- 
charged on the Madras coast districts. The condensation theory indi- 
cates that there is a marked tendency during the transition period of 
October and November to the commencement and continuance of heavy 
rainfall over the centre of the Bay, and therefore to the generation of 
severe cyclonic storms at that period. If, however, the aqueous vapour 
or moisture is not discharged as rain over the Bay, but is carried west- 
wards by the north-east monsoon winds and deposited on and near the 
Madras coast, the conditions for the formation of a cyclonic storm 
are not present in the Bay. In other words, if heavy general rain sets 
in and continues over the Madras coast at the change of this monsoon, 
the Bay will be free from severe and extensive storms. This rule was 
strikingly illustrated by the weather of the Bay and the Madras coast 
in October and November 1883. 

The paper will deal with the subject under the following heads :-^ 

1. History of the Storm of June 26th to July 4th. 

2. Discussion of the more important features of the Storm of 
26th June to 4th July. 

3. History of the Storm of 10th to 16th November. 

4. Discussion of the more important features and peculiarities of the 
Storm of lOfch to 15th November. 

5. General remarks on the generation of cyclones. 



1884.] 



of the Bay of Bengal in 1883. 



57 



CHAPTER II. 

History of the Storm op June 26th to July 4ith. 

The south-west monsoon sot in slightly earlier than usual on the 
Bengal coast in 1883, but with no great strength. Moderate rain fell over 
the whole of the Province of Bengal during the first fortnight. On the 12th 
there began to form, in the north-west angle of the Bay, between False- 
point and Sanger Island, and over the adjacent portion of south-west 
Bengal, a small barometric depression ; and on the morning of the 13th, 
the winds in South-west Bengal and North Orissa indicated cyclonic 
convergence to it. The depression intensified on the 14th, and its centre 
was then to the north of and in the neighbourhood of Balasore. It 
advanced northwards through Chutia Nagpore and South Behar across 
the Ganges into the central districts of North Behar, and gave excessive 
rain over a narrow area stretching from Gya through Behar and Patna 
to Mozufferpore and Durbhunga. Amongst the remarkable rainfalls 
were the following : — 



Gya 

Beliar 

Patna 

Mozufferpore 

Hajipur 

Durbhunga .. 



16th 



1-01 
5-17 
1-23 

008 
0-86 
0-63 



16th 


17th 


18th 


9-04 


0-21 


0-01 


605 


10-95 


0-58 


6-35 


513 


nil. 


2-85 


12-49 


0-42 


4-51 


9-39 


nil. 


102 


502 


8-52 



19th 



nil. 

009 

005 

nil. 

014 

0-24 



The disturbance broke up in North Behar and finally disappeared 
on the 20th. During the next five days there was a partial break in 
the rains. The air was drier, sky less clouded, and rain showers local 
rather than general in character. The winds more especially diminished 
in strength, but continued to indicate the same general atmospheric 
motion over the Gangetio delta and valley as before. Southerly winds 
blew across the Bengal coast. In Northern Bengal and Behar the 
current was deflected up the Gangetic valley and hence gave winds 
blowing from directions varying generally between N. E. and S. E. 
In Chutia Nagpore and in Western Orissa the effects of the Bomliay 
branch of the monsoon current were beginning to be shown by the 
prevalence of moist S. S. W. winds at Hazarabagh and of W. N. W. 
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winds at Guttack. The Bombay branch of the monsoon cnrrent, it 
may be added, was late in beipg established on the Bombay coast, and 
was very feeble before the 20th of the month, when it rapidly in- 
creased in force, as measured by the strength of the winds. 

The heavy rainfall attending the disturbance of the third week 
of the month had drained the southerly monsoon winds advancing into 
Bengal from the Bay of a very large portion of their moisture, and 
weakened them for some days. This is shown by the diminution in 
the amount of the rainfall and by the decreased velocity of the winds in 
Bengal. 

The following table gives the average amount of the rainfall day 
by day between the 13th and the 26th in the various divisions in 
Bengal, and illustrates fully the general diminntion in the rainfall 
of every part of the Province after the 20th : — 



Table of Average Rainfall recorded in Bengal, June \ZtK to 2&th 1883. 



Pbovikcb. 


i 
1 

■5 

i 


1 


1 


i 


1 




i 


i 


i 


1 


, 




. 


1 


. 




16 
46 
26 
37 
10 
17 

16 


O-Oi 
0-31 
018 
0'09 

om 

0-20 
O-30 


1-30 
078 
O'El 
0'21 
0-12 
0-08 

O'50 


„.„™, 


0-25 

0'37 
0-86 
171 
3-6B 
1-99 

0-21 


0-16 

0'26 
1-00 

0-*7 
1-36 
0-92 


0-30 
1'02 
1-48 
1-23 
113 
035 

0-G3 


031 
0-46 
2'2G 
121 

0-11 

0-97 


mi 

0-66 
0-82 
0-97 

0-42 

0-M 
016 


0-87 

0-26 
0-33 
0-83 

0-42 
0-09 

0-37 


0-10 
0'45 

0-17 
072 

0'30 
0-38 

0-13 


0-43 
010 

oia 
l-os 

0'07 
Nil. 

Nil. 


1 


S. W. Bengat 

EBBt Bengal 

Hortii Benga 

Korth Buhar 

South Bohar 

ClintiftNaif-) 
por«&Son-t 
thai Porg. J 


0'43 
1'62 
0-91 
0'52 
1« 

2-04 


026 

1-11 
1-79 
1-86 
3-37 

0'4S 


0-18 
016 

I'QS 
0-38 

019 


0'07 

on 

006 

0-89 
0-77 

0'3S 



The following table gives the daily amonnti of wind for the same 
poriod,at^lhc chief Meteorological Statious in Orissa, Bengal, and Behar. 
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Table of Daily Ammtnt of Wind at ,eight Stations i 
June I3tk to 2bth, 1883. 



Bengal. 





i 


i 




i 


3 


1 


1 


i 


1 


13 


1 


1 


i 


i 


Ffllio Point .„ 

CHlcntbL 


281 
1S7 
102 
144 

7G 
137 
117 

8» 


S07 

m 

„j 

108 
100 
186 
148 
134 


32G 

166 
164 
312 
170 

279 

191 


268 
216 


265 
177 


207 
140 
160 
144 
114 
1G3 
68 
182 


270 

167 
193 
«B 
2SS 

60 


241 
178 
229 
216 
158 
74 
131 

1S3 


246 
16C 
217 
144 
24 
127 
,3, 
230 


244 

ISl 

211 
120 
26 
67 
5. 
136 


p 
122 

181 
120 
21 
69 
111 
211 


285 

7S 

142 
144 
47 
111! 
107 
182 


238 

104 
156 

130 
29 
134 


249 

162 


DarbhmigB ... 


264 210 
111 126 
148 278 


P 

08 
137 


Hazaribagh ... 


286 


829 


178 


214 



The raiafall table shows a very marked diminntioii in the amount 
of rain after the 20th. An examination of the complete rainfall returns 
of the Province of Bengal indicates that it occurred aa isolated and local 
ehowers, which wore occaaionally heavy and gave large amounts at single 
stations. No general rain, however, fell over any considerable portion o£ 
the Province between the 20th and 25th. Similarly, an examination of 
the second table giving wind amounts indicates that, although strong 
winds generally prevailed between the 13th and 20th, winds were 
nnusually light after the 20th and below their normal strength. This 
feature of weakness of its air motion was most markedly shown by the 
stations most distant from the sea, as, for example, Pnmeah. 

The meteorological observations taken in Bengal thus show that 
vhat may be termed a strong monsoon prevailed at the Head of the Bay 
and in Bengal from the 1st to the 20th of the month, and that for some 
days afterwards, or between the 20th and the 25th, it was mnch feebler.- 
Also, as will be seen from the following observations and from the history 
of the storm, the soath-weat monsoon winds increased in foroe to the west 
of the Andamans on the 23rd, advanced northwards as a strong atmos- 
pheric CQirent along the coasts of Bnrmah and Arracan, and fed the 
cyclonic vortex which formed on the 26th and 27th with largo supplies 
of aqncoQS vapour. 
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Table of Daily Amount of Wind at seven Stations to the east of tlie Bay, 

July 22nd to 2Sth, 1883. 





Average 
Juno. 


22nd. 


23rd. 


24th. 


25th. 


26th. 


27th. 


28th. 


Nancowrv 


263-5 
257-6 
2030 
93-6 
168-3 
332-4 
183-7 


115-0 

128-7 
122-0 

42-7 
162-6 
362-7 
2111 


98-8 
212-9 
n8-5i 

48-9 
113-5 
312-4 
1811 


97-3 
386-0 
118-7 
55-4 
72-9 
284-7 
142-8 


124-2 
283-8 
240-7 
83-6 
71-9 
235-2 
155-0 


252-7 
305-4 
310-4 
100-9 

501 
141-5 

68-8 


354-5 
315-6 
346-6 
153-8 
117-7 
137-1 
66-8 


289-8 


Port Blair 


3230 


DifLTnond. 1 sland 


336-6 


Akyab 

C hittafiTonfiT 


234-4 
212-2 


Sangor Island 

Dacca 


357-4 
181-1 



The preceding table shows that on the 22nd and 23rd the winds 
were barely half their normal strength over the east of the Bay. A 
rapid increase took place on the 24th at Port Blair, which extended to 
Diamond Island on the 25th and to Akyab and Chittagong on tho 26th 
and 27th. 

These figures suggest what is also indicated by the whole of the 
Bengal observations, vw., that the weather in the Bay between the 20th 
and 23rd of June was that which usually accompanies the commence- 
ment of a partial break in the rains in Bengal or Northern India. Winds 
were light and unsteady over the whole of the north and centre of the 
Bay. The logs of vessels show that occasional rain-squalls local in 
character occurred, more especially in the south of the Bay. The 
observations at Port Blair, Nancowry, Diamond Island, and Akyab and 
of the ships traversing the Bay at tho time, however, prove conclusively 
that south-westerly winds prevailed over the whole of the Bay ; and the 
Bengal observations establish that they were continued in Bengal and 
Behar as southerly and easterly winds. They also indicate that on tho 
24th a change occurred in the character of the winds to the west of tho 
Andamans which lasted for some days. A very considerable increase 
occurred in the south-west winds of that part of the Bay which rapidly 
and steadily extended northwards. 

Hence prior to the morning of the 25th the gradients were normal 
in direction, although smaller in amount than the average for the season, 
over the Bay ; the winds blew from the usual quarter and gave rise to tho 
normal atmospheric current up tlie Gangotic valley. The only indica- 
tion afforded at tliis time by tho land observations of the subsequent 
stormy weather was the occuiTence of a partial bi-oak in the rains, which, 
as ha« been ascci-taincd by previous experience, establishes conditions 
which are favourable to the development of a cyclonic disturbance if an 
adequate motive power or distui'bance act on the atmosphere. 
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The acconnt of the storm of the last week of June hence begins 
with the 25th of Jnne, the day before which there were any indications of 
the actnal formation of an atmospheric wHirl at the Head of the Bay. 

25th of June. — The atmosphere was in a slightly distnrbed state 
over nearly the whole of India. The barometer was rising in the 
North- Western Provinces, Bengal, and the south of the Peninsula, bat 
elsewhere it was falling. A lai^e depression accompanying the establish- 
ment of the south-west monsoon in Western India was advancing along 
the west coast of India and causing the barometerto fall qnickly. Winds 
had backed to south-east on the 24th at Bombay. On the 25tb, 
winds were southerly along the Bombay coast and easterly in Cntch. 
There were strong indications that gales of considerable foroe were 
blowing on and near the Bombay coast. The weather was clondy every- 
where, except in the Punjab ; and rain in small or moderate amounts 
was falling in every part of India, except the Punjab, Behar, Sind, and 
parts of the Madras Presidency. The rainfall was very small in amount 
and local in its distribution over the North- Western Provinces, Bengal, 
Kajputana, and the North Bombay districts. 

The following table gives the more important observations taken at 
the Coast Stations on the Bay of Bengal on the 25th Jnno, 1883 :— 



Stations. 




i 


Wind direction. 


■3 2 t. 


til 

ir 




Rainfill 
of 


10 h. 


ISh. 


Ill 


previrras 
24h(nira. 


Honcowry 

PortBWr 

Diamond Island 


29<M,1 
20-911 

29'&47 
29'7Sa 
29-802 

29702 
29-745 
20-719 

39-775 
29-715 


+ -0i7 

+ ■060 
+ -024 
+ 019 
+ -027 
+ '024 
+ ■040 
+ 025 

+ -053 
+ -010 


a.8.w. 

B.Vt. 

s. w, 

B. 8. E. 
B.E. 

s. 

calm. 
9. 

S. 
8. W. 


8. 8. W, 
8, W. 
W. 3. W. 

8. W. 
S. E. 

s. s.w. 

8.S.W. 

S.8. E. 
P 


G 
14 
8 
4 
3 
7 

r 

e 

81 
5 


4S 
127 
100 

100 
43 
88 

140 
83 

221 
? 


8 

10 

9 
10 
10 

B 
9 

8 
3 


0-14 
1'05 
0-24 


Chittagong ... 


015 


Je«ore 

Colcntta (Ali- 

PO"*) 

Sangor Isluid 
JlBluBore 


005 
0-21 
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=1! 


II 

u 


Wind direction. 


III 


til 


1 -« 




Btations. 


10 b. 


16 b. 


of 
24 boon. 




29-695 
29-722 

29-672 


+ ■015 
+ ■005 

— ■027 


W.S.W 

Oslm. 
W. 


8. 
B. 

W.byS 


11 

6 


7B 
110 

150 


9 
8 
8 




Pake Point ... 

Vuag»patam 


0-OS 



Pressure had increased mther rapidly over tie province of Bengal 
during the previooB 24 hours. The general resnlt of the changes of 
presBore since the dispersion of the distarbance of the third week of the 
month had been to give a high barometer, which culminated on the morn- 
ing of the 25th in ezcessivel; high readings. The barometric readings 
at 10 A. H. of that day in Bengal were above the averse by amounts 
which varied from 'IQ* at Sanger Island to '09* at Dnrbhunga. Winds 
were, however, generaUy normal in direction, blowing from sonth in 
South- West Bengal, sonth-eaat in E^aet Bengal, east in Iforth and Cen- 
tral Behar, and south-west in Ghntta Nagpore. 

The nnnsual weakness of the wind is shown by the following com- 
parison table : — 



Wind Bmooul 
Lif 'Ai lionrt 
preceding 



dailj wind 



Feroentage 
of aotoal to 
■Teragewind 



SaugoF Island 

Calcutta 

Berhampore .. 

Dikcca 

Jcssore 

Cbittagong ., 

Burdwan 

Cuttack 

Falso Point .. 



256-9 
1040 
13-2-6 



71-5 
110-7 

40-0 



118-3 
1G8-3 
124-2 

m$ 

247-2 



77-3 
68-3 

100-2 
88-3 

lOOO 
42-5 
89-1 
41-5 

106-5 



The average r&infall in each of the seven meteorological diviBions 
of Bengal for the 24 honrs preceding 6 P. u. of the 25th Jnne is 
given in p^e 58. 

The following table gives tho meteorological information for the 
25th extracted from the logs of vessels : — 
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• 


-§ 


22 . 


.Wind. 




Yeeael. 


Hoar. 


p 

1 


! 


Probable 

dnced bs 

meter 




Bemabks. 


Dir. 


Force. 


Bancoora 


4 a.m. 






29-899 


8. S. »T » 


8 


8 A. M. Light breeze 
and hazy. 




8 a.m. 


N. 


E. 


30-988 


N. E. 


2 


11 A. M. Heayy rain 
squall. 




Noon 


5«» 58' 
by D. B. 


80° 58' 


•968 


W.S.W. 


8 


Noon. Moderate 
breeze and fine. 




4 p. M. 


V 




29-889 


S. W. 


8 






8 P. M. 






•901 


S.W. 


8 






Midnt. 






•889 


S. W. 


8 


Midnight. Moderate 
breeze and clear. 


India 


4 a. m. 








a 


4 


Moderate breeze 
with passing 
squalls. 




8 a.m. 


N. 


E. 


29-750 


N. W. 


8 


Breeze moderating 
and fine. 




Noon 


15* !(/ 


83* 14' 


•730 


W. 


a 


Moderate breeze 
and fine. 




4p. M< 








w. 




Moderate fresh 
wind; cloudy with 
showers. 




8 p. M. 






•730 


w. 


4 


Fresh breeze and 
OTeroast. 




Midnt. 






•730 


w. 


8 


Threatening toN.W» 
with Ughtning. 


HinuJaja 


4 a. m. 






• 

29-712 


8. 8. VV. 








8 a. m. 


N. 


E. 


•747 


W. S. W. 








Noon. 


16* 13' 


82^ 29* 


-737 


S.W. 


8 


Moderate breoae 
and overcast. 




4 p. M. 






•731 


W. 8. W. 








8 P. M. 






•784 


S.W. 








Midnt. 






•757 


S.W. 






Boma 


4 A.M. 








s. w. 


6 


Fresh breeze and 
moderate sea. 




8 A. M. 


N. 


E. 




• • • 


fl • • 






Noon 


17* 15' 


85* 17' 




• • • 


0to3 


Moderate variable 
wind with very 
heavy rain squalls 
and dark overcast 
sky. 




4 P. M. 








• •• 


4 


Bain squalls. 




8 P.M. 








• t ■ 


• •• 


Lightning, similar 
weather and high 
8. S. W. sea. 




Midnt. 








• • • 


■ • 1 


Overcast sky. 
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Hour. 


• 

1 


■8 

t 

h3 


Probable 
reduced ba- 
rometer. 


Wind. 




Vessel. 


Dir. 


6 

1 

4 

4 
1 

1 
5 


Remarks. 


Saint Magnus 


4 a. m. 

8 A. M. 

Noon 
4 p. M. 
8 P. M. 


N. 
18*» 81' 


IT 

860 29' 


29-690 
•700 
•710 
•680 
•710 


W. S. W. 

S. W. 

W. 

S. 

S. w. 


Calms and rain. 
Cloudy, lightning to 
S. W. & S. E. 


Star of Albion 


4 A. M. 
8 A. M. 

Noon 
4 p.m. 

8 P. M. 


N. 
18*^46' 


E. 

86*40' 


29-730 
•740 

•740 
•710 
•720 


w. 


4to5 


Easterly current. 
Squally. 
Cloudy weather. 


Scottish Chief- 
tain 


8 a.m. 
Noon 

4 P. M. 
8 p. M. 


N. 
18* 58' 


B. 
86*34' 


29-680 
•690 
•660 


S. by W. 

S. W. 
N.N.W. 




1 
2 
3 


Very li^ht airs and dark 
cloudy weather. 

Strong westerly current. 


British Princess 


4 a.m. 

8 A. M.| 

Noon 
4 p. M. 
8 p. M. 
Midnt. 


N. 
19* 9 


E 
85*» 16' 


29-700 


S. by W. 

S. W. 

E. 
E. S. E. 

S. 

w. s. w. 

S. S. E. 


6 

4 

2 

4 
3 
4 


Cloudy sky and S. W. 

swell. 
Variable winds. 

Fine clocu* weather. 

Squally with rain. 

Cloudy sky. 

S. W. BweU moderating. 

Midnight. 


Prince Amadeo 


4 a.m. 
Noon 


N. 
19«23' 


E. 
85'^ 56' 


29-700 


S.W. 

s. 


4 1 
4 


A. M. Weather clearings 
wind moderate. 4 a.m. 
Gentle wind, fine wea- 
ther. Noon. Close sultry 
weather. Sea smooth. 




4 p. M. 








£• S. E. 


3 


4 p. M. Weather fine 
Sea very smooth. 


Conunilla 


8 a.m. 

Noon 

4 p. M. 
8 P. M. 

Midnt. 


N. 
20^13' 


E. 
92*28 


29-611 
•683 

•671 


Variable 

S.E. 

S. S. E. 
S.E. 

E. S. E. 


2 
8 

3 

4 

4 


Showery. 

Clear weather and 
smooth sea. 

Fine weather. 

Fine weather and light- 
ning to eastward. 

Clear weather and 
smooth sea. 
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The logs of the vessels received in the Meteorological office give an 
imperfect view of the weather in the Bay, as they were chiefly those of 
steamers passing np to Calcutta along the west coast of the Bay, 

The Bancoora rounding Ceylon had light to moderate south-west 
breezes (force 1 to 3) during the day. The India and Himalaya were a few 
miles apart off the coast to the south-east of Coconada. The former 
was in Lat. 16« 10' N. and Long. 83® 14' E. at noon and the latter in Lat. 
16o 13' N. and Long. 82° 29' E. Both had moderate breezes and overcast 
ekies. The winds were of force 3 and from directions between W. and 
S. W. The Roma, in Lat. 17° 15' N. and Long. 85** 17' E. at noon, had 
moderate variable winds with calms and very heavy rain squalls. The 
Star of Albion, Scottish Chieftain, and Saint Magnus were all near each 
other off the Gopalpore coast. The winds were very light and unsteady, 
but were generally from directions between west and south-west. The 
Scottish Chieftain had calms at 8 a. m., and the Saint Magnus calms and 
rain at 4 P. M. The British Princess and Prince Amadeo were a little 
further to the north. The former, in Lat. 19° 9' N. and Long. Sb"* 15' E. 
at noon, had variable winds during the day varying in force between 2 
and 5. The latter, in Lat. 19® 23' N. and Long. 86° 56' E., had gentle 
Bouth-west winds, sultry weather, and a smooth sea. There were hence 
no indications on this day of the existence of an atmospheric whirl in 
the Bay. 

26th June. — During the previous 24 hours the barometer had risen 
rapidly at the Bombay stations, and the depression off that coast was 
much less marked than on the 25th at Bombay and the adjacent coast 
stations. South-westerly gales were blowing, but the rainfall brought 
up by them was as yet moderate in amount. In parts of Southern and 
Central India the barometer had also risen, but over the whole of 
Northern India a considerable fall had taken place. Along the foot of 
the hills, from Assam to the Punjab, the wind was generally easterly or 
north-easterly, and in the Central Provinces and Central India it was 
westerly. The weather was dull and sky overcast over the whole 
country except the Punjab, and rain was falling except in North- Western 
and Central India, but the amounts registered were in the great majority 
of cases small. The rainfall returns, as compared with the average rainfall 
between June Ist and 26th, shew that there was a deficiency of from 1 to 
3 inches over the plains of the Punjab, the western half of the North- 
Westem Provinces, Central India, and Rajputana, and of 7 inches in 
Bombay. 

The following are the more important observations taken at 10 
A. M. of the 26th at the selected stations near the Head of the Bay : — 
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Stations. 



Nanc50wry 
Port Blair 



Diamond Island... 



Akyab 

Ghittagong. 
Dacca 



Jcssore 



o 



s ® 

s§ 



S A 94 

•« 00 J 

Q -< 

O 



Calcutta (Alipore) 
Bangor Island ... 
Balasore 



Guttack 



False Point. . 
Yizagapatam 



29-915 
29-886 
29-801 
29-711 
29-660 
29-682 
29-673 
29-646 
29-647 
29-636 
29-626 
29-621 
29*668 



& 



026 



Wind. 



10 h. 



16 h. 



Average 

wind 
velocity 

of 
previous 
24 honrs. 



S. W. 



025 S. W. 



046 
081 
142 
070 
072 
078 
128 
079 
069 
101 
— •004 



S. 
S. E. 
S. E. 

S. 

S. 
E. S. E. 

S. E. 

N.N.E. 

S. 8. W. 

N. E. 

W. 



S. W. 

S. W. 

S. W. 

S. S. £. 

E. 

S. E. 

S. 

E. by S. 

E. S. E. 

? 

Calm. 

E. 

w- 



11 
11 
10 
4 
2 
6 
6 
3 
7 
2 
1 
8 
5 






'2 * 
oo 



100 

100 

125 

100 

29 

75 

120 

60 

60 



25 



80 



125 



||l 

o 



10 
8 



9 



0-32 
1-26 
1*98 
001 
1-67 



10 004 



8 



9 



6 



0-71 
008 



012 



010 



Pressure, it will be seen from the above, had given way, and the fall 
was greatest at Saugor Island and Ghittagong. This was duo, as shewn 
by the wind directions, to the formation of an area of cyclonic distur- 
bance and barometric depression near the Head of the Bay. The winds 
at Saugor Island had shifted to south-east, at False Point to north-east, 
and at Gopalpore to north-west. From the information extracted from 
the logs, it will be seen that light north-east winds were established 
over a considerable portion of the north-west of the Bay. Hence, the 
cyclonic circulation was just beginning to affect the direction of air mo- 
tion at Saugor Island and was causing it to back. It was, however, not 
yet participating directly in the cyclonic indraught. The sky was more 
or less clouded in all parts of the province of Bengal, the air very damp 
(especially in Behar, after the floods of the previous week), and winds 
unusually light and somewhat unsteady. 

The following i-able gives the average rainfall in the seven divisions 
of the province of Bengal for the 24 hours preceding 6 r. M. : — 
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Table of Average Rainfall in Bengal on the 26th June 1883. 

Name of Provinoe. * Average Bain. 

Orissa 0^41 

South West Bengal 0.07 

Eaat Bengal Oil 

North Bengal 0^96 

North Behar 0*89 

South Behar 0*77 

Sonthal Pergannahs and 1 q.qk 

Chutia Nagpore ) 

The following extracts from the logs of vessels give information 
respecting the Bay on the 26th : — 







• 


• 

'2 


Probable 


Wind. 




YesBel. 


Honr. 


1 





rednccd 
baro- 






BSMABKS. 




• 








s 


3 


meter. 


Dir. 


o 
2 




Bancoora 


4 a. m. 






29-876 


SW.byS. 


4 A. M. Light breeze and 
















fine. 




8 a.m. 


N. 


E. 


•883 


SW.byS. 


2 


8 A. M. Light follow- 
ing wind and clear. 




Noon 


8*35' 


82*»36' 


•863 


S.W.byS. 


2 






4 p. M. 






•780 


W S. W. 


2 






8 p. M. 






•856 


S. S. W. 


2 






Midnt. 


N. 


E. 


•816 


s. s. w. 


8 


Evening. Moderate 
breeze and fine. 


Pemba ... 


Noon 


16*»46' 


96^12' 








10 A. M. At Rangoon. 




4 P. M. 








s.w. 


6 


Unmoored and pro- 
ceeded towards Cal- 
cntta. 




Midnt. 






29-750 


• . • 


6 


Midnight. Freeh to mo- 
derate breezes and 
freqaent rain squalls. 


HimalaTa 


4 a. m. 
8 a. m. 


N. 


E. 


29-657 
-635 


w. 

w. 








Noon 


17* 82' 


84° 38' 


•616 


w. 




Moderate breeze and 
overcast. 




4 P. M. 






•606 


s.w. 








8 p. M. 






•586 


w. s. w. 




Moderate breeze and 




Midnt. 






•639 


w. s w. 




fine. 


Star of Al- 


8 a. m. 


N. 


E. 


29-700 






Principally light un- 


bion 


Noon 


l^2V 


86^20' 


•630 


W.toSW 
&N. W 


&to2 


steady winds, finer at 
night than in the day 




4 p. M. 






•620 




• 


time. 
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Vessel. 



British Prin 
cess 



India 



o 
W 



4 a. m. 

o A. M. 

Noon 

4 P.M. 
8 p. M. 

Midnt. 



4 A. M. 
8 A. M. 

Noon 

4 p. M. 
8 P. M. 

Midnt. 



o 
mi 








N. 
19** 301 



N. 





•a 

d 
o 



E. 
87" 3' 



E. 



f-H 'd © 
o "d - 

»4 © 



Wind. 



3 



29-600 



29-610 



Dir. Force. 



W. S. W. 
W. N. W. 

N. N. E. 

E.N.E. 

E. 
W. N. W. 



Saint Mag- 
nns 



Prince Ama- 
deo 



Scottish 
Cliieftain. 



^ A. Bl • 

o A. M. 

Noon 
4 p. M. 

8 P. M. 

Midnt. 
Noon 



19** 36' 86** 33' '630 



•630 
•590 
•580 



N. 
19«*47 



8 P. M. 



o A. M. 

Noon 
4 P. M. 
8 p. M. 

Midnt. 



N. 
19** 521 



N. 



E 

87° 181 



E. 
87** 9' 



29^610 
•610 
•600 
•530 

•590 
•550 



29^600 



W. 
N.byE. 



N. E. 
Calm. 

N. E. 



E. 



20^ 04' 86** 58' 



29-640 
•600 

•580 



W. 

N. 

N. E. 

E. 

N. W. 
N. W. 

N. 

N.toNE. 



W. to 
W. N. W. 



s. s. w. 

S. E. 

E. 

li. S. E. 

E.N.E. 

S.E. 



4 
8 

4 

3 

0to3 
6 



4 
8 
3 



8 



4 
2 
1 
1 

1 
6 

Light. 

Light. 



Gentle. 




1 
2 
3 

4 
4 



BSMARKS. 



Dark clondy sky. 
Light green sky. 

Weather fine and clear 
with S. W. swell. 

High sontherly swell 
and clondy, the stars 
showing through with 
great brilliancy. 



Strong winds & sqnally 

with clouds. 
Moderating breezes and 

cloudy weather. 
Moderate breeze and 

clondy. 
Moderate breeze, fine. 
Calm and clear. 
Moderate breeze with 

passing clouds. 



Clondy weather. 

Faint airs and calms. 
Faint airs, calms, heavy 

sontherly sea. 
Cloudy with lightning. 
Cloudy. 

4 A. M. Heavy clondy 
and unsettled looking 
weather. Much light- 
ning and southerly 
swell. Noon, simi- 
lar looking weather, 
light variable airs ; 
unsettled looking all 
round, high souther- 
ly swell. 

8 P. M. same weather, 
much lightning. 

A strong current set- 
ting about W. Winds 
very unsteady in 
force and direction. 
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1 


• 


r • t 


1 




• 


itade. 


o 

d 

•& 

a 


t)able 
uced 
meter 


W 


ind. 




VCBSCI. 




Bemabks. 




n 




g-sg 


Dir. 


Force. 


% 






1-3 


3 


CL. ^^ 




! 


Roma 


4 a. m. 








W. 




4 a. m. swell from 
S. S. W. overcast sky 
and rain. 




8 a. m. 


X. 


E. 




North 


3 I 8 A. M. Gcntlo broozo, 
1 sky clearing at inter- 
vals. 




Noon 


20® 19' 


8G® 5(y 




N. 


3 Noon, similar weather 
with southerly swell, 
light breeze, sky olear- 
1 ing at intervals. 




4 p. M. 








N. E. 


1 






niidnt. 






N. E. 


1 


10 p. M. light showers. 


Commilhi ... 


4 A. .M. 






29C35 


E.N.E. 


3 


Light cloudy weather. 




8 A. M. 

1 


N. 


E. 


•C42 


E.N.E. 


8 






Noon 


22" 21' 


Ul®50' 


•G07 


E.N.E. 


4 




4 p. M. 








East 


1 
4 Threatening appear- 
















anco to 8. E. Squsilly 
















with very lioavy niin. 




H P. M. 






•5431 


S. S. E. 


4 


Continuous heavy rain. 






! 













The Naucowry and Port Blair obsorvatious prove tliat strong steady 
south-westerly wiuds contiuued to blow in that part of the Bay. These 
winds were also extending to Diamond Island. The average wind 
velocity during the |)ast 24 hours at tliat station was 10 miles, and for 
the previous day had been 8 miles per hour. The sea was also reported 
to be rising. Hence it is certain that the vigorous current indicated by 
the strong wiuds at Port Blair on the 25th was steadily advancing up the 
east of the Bav, and that its front was off the West Bunncse (joast on the 
morning of the 20th. The Pemba, which left Rangoon at lO A. M., had 
south-westerly winds of foix;e 5 with fro(iuent rain s([uallH, as she ad- 
vanced westwards in the Martabau Gulf to the south of the Burmese coast. 

It is almost certain that this stn)ug cun*ent wan giving heavy niin 
over a portion of the north-east of the Bay in the neighl)ourliiX)d of the 
Bui'mese and Aniican <;oasts. The direct evidence of this does not appear 
in the extmcts from the logs of the vessels given above, but it will 
api)ear in those for the 27th. It is, liowever, indicated by the large min- 
fall at Diamond Island and other stations in South Burmah and in 
Arracan. 

For the present wo shall accept it as almost certain that in the front 
10 
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of this advancing strong moisture current, where the resistance to its 
advance was greatest, and where therefore ascensional motion was neces- 
•sarily occurring to a large extent, rainfall of a more or less concentrated 
character was going on. The current was being deflected to the west 
by the coast and the Burmese and Arracan hills, and was moving more 
rapidly in its eastern than in its western portion. Hence probably also 
arose a strong tendency to an eddying motion in front and towards the west. 
The various actions going on were thus such as might set up vorticose 
motion. That such a result was taking place was indicated by the wind 
observations of all the vessels near the Head of the Bay. The Himalaya, 
in Lat. IT 32' N. and Long. 84° 75' E., had moderate westerly winds. The 
India, British Princess, Star of Albion, Scottish Chieftain, Saint Mag- 
nus, Roma, and Prince Amadeo, which were all between Lat. 19° 20' N. 
and 20° 19' N. and between Long. 86° 20' E. and 87° 18' East, experienced 
light unsteady north easterly winds. The weather was fine and sky clear 
during the greater part of the day, but became more clouded during the 
evening. There was a heavy swell from the south during the day. This 
was evidently due to the strong winds and high sea prevalent in the 
centre and south-east of the Bay. The only log which gives any in- 
dication of the subsequent weather is that of the Prince Amadeo, in 
which the Captain notes that, although light variable airs were blowing, 
the appearance of the sky was unsettled in all directions. Probably the 
light green sky to the east noted by the Captain of the British Princess 
was another sign of the large amount of moisture brought up by the 
southerly winds in the East of the Bay. 

The various observations of the 26th hence indicate that cyclonic 
motion on a considerable scale commenced on the afternoon of the 25th 
over a portion of the Head of the Bay. The atmospheric whirl was fed and 
maintained by a very strong south-westerly air current moving north- 
wards up the Bay near the Burmah and Arracan coast. It 'vy^as appa- 
rently formed in the front of this air-current, and was causing winds 
to draw round over the north-west of the Bay. The indraught from 
that quarter was, however, feeble and unimportant, except as an indicator 
of bad weather to the south-east. 

27/^ June. — The decrease of pressure which commenced on the 26th 
had now extended over the whole country. The change was still greatest 
in the north. On the northern frontier of the Punjab, in Eastern and Lower 
Bengal, and at Akyab the decrease exceeded one-tenth of an inch. It was 
smallest in parts of Bombay and Madras, where it only amounted to two 
or three-hundreths of an inch. A considerable depression lay over the 
Punjab. This, however, is a frequent feature of the hot weather months 
of June and July in that province. A smaller depression was, however, 
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forming at the Head of the Bay to the sonth of Saugor Island. Pressure 
ranged from 29*9 inches in Ceylon to 29*28 inches at Peshawar. 

The wind was from directions between south-west and west over 
the Peninsula. In the neighbourhood of the two depressions, cyclonic 
circulations were established. Up the Gangetic valley the wind had 
a general easterly direction. The weather was cloudy and gloomy 
in all parts of the country except in the upper districts of the Punjab. 
Rain in small amounts had fallen during the preceding 24 hours, except 
in the Punjab, Sind, and West Madras. The rainfall was heavier on the 
Bombay coast than it had been hitherto, and strong monsoon winds were 
blowing there. 

The following table gives the observations at the selected stations 
on and over the coast of the Bay on the 27th : — 



Stations. 



Nancowry 
Port Blair 



u 

. o 

O u 



d « 

I" 






hi 
o 

00 



Wind. 



Diamond Island ... 29'7G3 



29-912 
29-853 



Akjab 

Chittagong 
Dacca 



Calcutta (Aliporo) 

Sanger Island 

Balasore 



Cnttack 



Falso Point 



Yizagapatam 



29-606 
29-578 
29-566 
29-604 
29-529 
29-532 
29-537 
29-565 
29-541 
29-634 



SI « J fl 



10 h. 



— -003 S. W. S. S. W. 



16 h. 



0) 



-)1 



& 



— 033 S. W. 



— •038 

— 105 



s. s. w. 

S. S. £. 



082 E. N. E. 



— 116 

— •069 

— 117 

— 115 
— -099 

— 061 
— -077 

— 034 



E. 

£. N^. E. 
E. S. E. 
N.N. E. 

N. 

N. W. 

W. 

W. 



S. W. 

S. 8. W. 
S. S. E. 
S. E. 
£. 
E. 
E. 
N. E. 
P 
N. N. W. 
W. S. W. 
W. S. W. 



15 

13 

14 

6 



2S 



O B m 

I -SI 



136 

118 

176 

150 

43 

88 

6 120 



35 



3 

7 
7 



83 
250 

? 

76 

70 
175 



8 
10 

8 
10 

4 

8 
10 

9 



8 
10 
10 
10 



1-79 

0-57 

1-02 

1-16 

0-04 

0-20 

0-09 

0-40 

101 

0-26 

1-70 



The preceding observations show that pressure had decreased rapid- 
ly over the north of the Bay and the adjacent coasts during the prece- 
ding 24 hours. The fall was greatest in South-West Bengal and more 
especially at Saugor Island. The distribution of pressure, taken in con- 
nection with the wind directions at the Bengal and Orissa stations, in- 
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dicates that there was now a well-defined atmospheric whirl at the 
Head of the Bay, the centre of which was at a little distance to the 
S. S. E. of Saugor Island, ft-ossure was below the normal for the day 
over the province of Bengal by amounts varying from '1" at Chittagong 
to zero at Patna. Winds were very light over the whole province. 
Northerly winds had fully set in over South- West Bengal and Orissa, 
whilst winds more or less easterly prevailed over East and North Bengal, 
Bohar, and Chutia Nagpore. 

Ths weakness of the winds is shown by the following observations : — 



Amount of 

wind 

during 

24 honrs 

preceding 

10 A. M. 



Calcutta 

Berhampore 

Dacca 

Pumeah 

Hazaribagh 



189-0 
94-7 
631 
24-0 

130-5 



Average 
wind 

amount. 
June. 



152-3 
132-3 
183-7 
94-4 
214-9 



Percentage 

of actual 

to average. 



91-3 
71-6 
34-3 
25-3 

60-9 



The slight indraught to the cyclonic disturbance from the north 
and east had already diminished the humidity of the air and the amount 
of cloud in North Bengal and Behar. The sky was overcast in Orissa 
and South- West Bengal and the southern districts of East Bengal. The 
rainfall in the province was small in amount and localized in its distri- 
bution, except in Orissa and the southern districts of South- West Bengal, 
where moderate rain had already began to fall in connection with the 
cyclonic disturbance. 

The weather in Orissa at this time is described as unsettled. 
Winds were light and variable and gave occasional showers of rain. 

The following table gives the average rain&Jl in each of the divisions 
of Bengal for the 24 hours preceding 6 p. M. : — 

Bainfall Table of the 27th June 1883. 



Province. 



Orissa 

South- West Bengal 

East Bengal 

North Bengal 

North Behar 

South Behar 

Sonthal Pergunnahs and ) 
Chutia Nagpore j" 



Number of 
stations 
in each 
division. 



16 
46 
26 
27 
16 
17 

16 



Average 

Bainfall of 

preceding 

24 hours. 



Heaviest fall 

reported in 

24 hoars. 



017 
0-28 
0-49 
0-09 
0-13 
0-16 

0-24 



2-25 
2-20 
2-50 
0-57 
0-67 
0-69 

0-84 
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The meteorological extracts from logs of the vessels relating to the 
27th of Jane are tabulated below for reference. 



Vesael. 


Hour. 


• 

1 


Longitude. 

Probable re- 
duced baro- 
meter. 


Wind. 


Remarks. 


Dir. 


• 

o 
4 


Bancoora 


4 A. M. 




1 

1 29-751 


S. W. 


Brisk breeze, fine. 




8 A. M. 




t -796 


SW.byS. 


4 


Fresh following wind 






N. 


E. 








and fine. 




Noon 


11° 42^ 


84° 8' 30^ 


•796 


S. W. 


4 


Current S. 28 W. 17 
miles. 




4 p. M. 






•706 


s. w, 


4 


Fresh following wind 
and fine. 




8 p.m. 






•816 


s. w. 


5 


Strong breeze and 
overcast. 




Midni. 












Lees wind with occa- 
sional rain. 


Pomba 


4 a. m. 






29-690 


s. w. 


5 


A. m. Fresh breeze 
with moderate sea 
and occasional 
rain squalls. 




8 a. m. 


N. 


E. 


•720 


s. s. w. 


6 


6-15 A. m. Passed Al- 
guada. 




Noon 


16° 13' 


93° 30' 


•720 


s. s. w. 


7 


Noon. Strong breeze 
with rising sea. 




4 p. M. 


(by D.R) 


(by D.R) 


•690 


s. s. w. 


9 


Afternoon. Wind ra- 
pidly increased to a 
strong gale with 




8 P.M. 






•660 


s. s. w. 


9 


furious squalls 
blowing away sails 
and awnings. 




Midnt. 






•640 


s. s. w. 


9 




Himalaya 


4 A. M. 






29^514 


N. W. 








8 A. M. 


N. 


E. 


•549 


N. N. W. 








Noon 


19° 58' 


86° 32* 


•484 


N. E. 




Moderate breeze and 
fine. 




4 p. M. 






•404 


N. 








8 P. M. 






•447 


N. 








Midnt. 






•369 


N. N. W. 

• 




Ororcast with rain. 


Starof Al- 


8 A. M. 












Squally, with rain 


bion 




N. 


E. 








distant thunder 




Noon 


20° 10' 


8r28' 


29-500 


W. 


4 


to Northward 
and heavy looking 
cloudR. 




4 p. M. 








N. W. 


4 


Clearer to S. E. 
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TT 1 


Hour. 


Latitude. 

• 


Longitude. 


Probable re- 
duced baro- 
meter. 


Wind. 


Remarks. 


Vessel. 


Dir. 


■ 

o 
o 
ft 
o 


British Princess 


4 A. M. 








N. W. 


6 


Cloudy sky, souther- 
ly swell. 




8 A. M. 


N. 


E. 




N. W. 


6 


Heavy squall with 
rain,oyercast, pars- 
ing showers. 




Noon 


20° 38' 


88° 2' 


29-500 


N. W. 


6 


Heavy rain at in- 
tervals, sky over- 
cast and weather 
finer. 




4 p. M. 








N. W. 


6 


Sky looking very un- 
settled patches of 
green colour. 




8 p. M. 








N. W. 


6 


11 p. M. Heavy bank 
of clouds in the 




Midnt. 








N. W. 


7 


N. W. with vivid 
lightning, distant 
thunder, and 
rain. 


Scottish Chief- 


4 A. M. 








W. S. W. 


1 


The whole of thiB 


tain. 














day, the weather 
has been very un- 
steady. — Strong 
westerly current. 




8 a. m. 


N. 


E. 


29-520 


s.w. 


2 






Noon 


20°4(y 


87° 60' 


•480 


s. w. 


8 






4 p. M. 






•460 


N. W. 


4 






Midnt. 






•450 


N. W. 


6 




Saint Magnus 


4 a. m. 






29-500 


W. N. W. 




Cloudy, rainy, 
squally weather. 




8 a.m. 


• 

N. 


E. 


•540 


North 


6 


Thick rainy wea- 
ther. 




Noon 


20° 44' 


87° 64' 


•450 


N. W. 


5 


Cloudy and passing 
showers. 




4 p. M. 


(by D.E) 




•400 


N.W. 


2 


Squally, rainy wea- 
ther. 




8 p. M. 






•460 


N. N. W. 


4 
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Q> 


4 


• 1. \ 

2§ 


Wind. 




Vessel. 


Hour. 


d 

s 




3 


Probable 

duced bf 

meter. 


I 


Remabks. 


Dir. 


• 

§ 
















Midnight — Mode- 
















rate W. to W. 


Prince Amadco 


4 A. M. 


N. 


E. 




N.W. 




N. W. winds 
unsettled look- 




Noon 


20° 4G' 
(byD.R) 


87° 35' 
(byD.R) 


29-500 




Vble 


ing weather. 
4 A. M. Squally 
with heavy rain. 
Noon, squally 
winds from 
N. W. to N. E., 
much rain high 
S. to S. S. E. 
swell. 8 p. M. 
Moderate N.W. 
winds, weather 
same. 


India 


4 A. M. 






29-530 


E. 


3 


Moderate and 
overcast. 




8 A. M. 


N. 


E. 


•520 


E. 


2 






Noon 


20° 39' 


88° 6' 


•520 








Boma 


4 A. M. 








• • • 


3 


A.M. Light showers 




8 A. M. 








• • • 


5 


3a.m. Anchored 
atSaugor. 9 a.m. 
proceeded up 
the river, wea- 






/ 


V 






ther showery. 




Noon 








N. E. 


- 1 


Commilla 


8 A. M. 


N. 


E. 


29-623 


S. S. E. 


3 


Cloudy and 
threatening to 
S.E. 




Noon 


22° 21' 


91° 50' 


•499 


S. S.E. 


4 


Heavy unsettled 
appearance to 
S.E. 




4 p. M. 






•396 


South 


4 


Squally unsettled 
up{M3arance to 
S.E. 




8 P. M. 






•411 


S. S. E. 


4 


Hard squalls and 
threatening ap- 
pearance with 














,' light rain at 
















times. High 
















sea getting up 














1 from S. 




Midnt. 






•379; S. S. W. 


5 Wild squally wca- 












thor. High sea 










' from S. S. W. 








! 1 ' ! Rain at times. 

\ 
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The strong aonth-weat monsoon winds which the meteorology of the 
26th shewed to be advancing northwards up the eastern part of the Bay, 
were on the morning of the 27th not far from the Head of the Bay and 
were certainly in the parallel of Akyab. The wind velocity was very 
considerable at Port Blair and Nancowry. Strong winds were also 
blowing at Diamond Island, whero the sea was now rongh. The wind 
velocity at Akyab had increased from a rate of 4 miles per honr te 6 miles 
per honr, the average force of the wind in Jane at that station being 
4 miles. The remarks in the log of the Pemba are very valnable. She 
passed ronnd Cape Negrais into tbo Bay to the west of Bnrma in the 
morning. The wind increased very rapidly to a strong gale and blew in 
fnrious sqnalls. The wind was steady at S. S. W. and of average foroe 
9. On the other hand, the winds at the stations in South Bengal and 
Orissa, and also those observed at the Light Vessels and the vessels near 
the Head of the Bay, were very feeble. The only conclnsion warranted by 
the evidence is that these strong winds on the Bnrmah and Airacan coast 
were feeders to an ascending cnrront to the northward ; and that the 
ascensional movement was hence near the Head of the Bay, and was 
partly maintained by the rainfall accompanying the ascensional motion, 
and by the various resistances to the motion of the strong cnrrent ad- 
vancing northwards. The sonth-west winds, it has already been remark- 
ed, were much stronger than those from any other direction. It is, so far 
as can be jndged, probable, if not certain, that the whirl was not at this 
time a fnlly developed cyclonic disturbance with a well-defined centre. 
The centre of the barometric depression at the Head of the Bay can only 
be roughly approximated from the observations. Its most probable 
position at noon was in Lat. 201° N. and Long. ti9|° £. and almost 
identical with its position at 10 A. M. Assuming this position of the 
centre of depression, the relative positions of the Light Vessels at 10 a. u. 
and of the ships at Noon are given in the following table : — 



lolls' 
.6 I g « 1 



H.R.I ISO 

esa i£o 



Clondy, 
Squallj. 



1884.] 



of the Baij of Bengal in 1883. 









PoBitinn. 


2 
a 


Win 


.!. 


|1 


Ill 
111 






Timu. 


1 _ 


"G:^ 


.1 


1 


Wonthor, Ac. 


Inttirmpdmte 
LigliL Vvaael... 


Noon. 


21" 15 
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BSE 


115 
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LiBht VoBse!... 
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88" 12' 


2!)-478 


N.N.E 


& 


ESE 


106 


High Sea. 


BalaBore 






21" sty 


8Q»B0' 


W-170 


N. 




ESE 


205 


Gloomy. 


FqIbo Point 






2(1" £0 


SO" +7' 


l'9-6a2 


S. W. 




E. 


185 


Gloomj. 


Saint Uogiins 






20«M' 


ST" 54' 


20-450 N. W. 


6 


K. 


120 


Sqaa]]j. 


Scottinh Chioftain 






a/'.io' 


H7"50' 


I':f480 s. w. 


A 


B. 


120 


Dnsotllod. 


Star of Albion... 






20" lu 


Waa' 


20-S70 W.toS. 


4 


ENE 


150 


Squally. 


BritiBh PriBccsa 






20" 38' 


m'2f 


39'600 


&N.W. 
N. W. 


6 


E. 


110 


Unaottled. 


riiDDO Amad«o ... 






20' 4C' 


aras' 


20'60O 


NW.to 
N. K. 




1. 


115 


Squally. 


Himalayft 






19° 68' 


80° 32' 


2n'481 


N. B. 




ENB 


210 


Fine. 








Hi" 13' 


93°3tf 


S9-72a 


S.S.W. 


i 


N. 

If. 


aso 


Strong in. 









The positioQ of tho centre at 4 p. M. was probably almoBt idonticol 
with its position nt hood. Tho following obnorvationa taken at 4 p. x, 
indicate that it woa at that hour in Liit. 20° 3.5' K, and Long. 89° 35' E. 
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The Bancoora was in Lat. 11° 42' N. and Long. 84° 8' E. at noon. 
She had strong steady south-west winds of force 4 during the day, with 
overcast skies and occasional rain. 

The Pemba was in the north of the Gulf of Martaban early in the 
morning, when she experienced fresh breezes with moderate sea and 
occasional rain-squalls. She doubled Cape Negrais and passed into the 
Bay of Bengal about midday. The wind began to increase rapidly, and 
during the afternoon and evening it blew a gale with furious squalls, 
which carried away her sails and awnings. The wind blew steadily from 
the S. S. W. during the afternoon with average force 9. 

The remaining vessels were all in the north-west angle of the Bay. 
They were the India, Himalaya, Star of Albion, Scottish Chieftain, Saint 
Magnus, British Princess, and Prince Amadeo, and were at noon between 
Lat. 19° 58' and Lat. 20° 46' N. and between Long. 86° 82' and 88° 5' E. 
Their observations enable the storm-centre to be approximately identi- 
fied, as in the majority of these vessels the usual midday observations were 
taken ; so that the positions of the vessels are known in nearly all cases 
with approximate exactness at noon of this day. 

The Saint Magnus and British Princess were very near each other. 
The former was in Lat. 20** 40' N. and Long, 87* 50' E. and the latter in 
Lat. 20® 38' N. and Long. 88° E. Both experienced strong currents 
during the day. These two vessels were probably nearest the centre, but 
in the westerly quadrant. They had squally weather with thick rain and 
north-westerly winds of average force 5. 

The Scottish Chieftain, which was about 10 miles to the west of the 
previous vessels, had very variable winds during the day, which increased 
in force from 1 to 5. They shifted from W. S. W. to S. W., and then 
hauled to N. W. She experienced a strong westerly current. 

The Prince Amadeo, about 15 miles further to the west, in Lat. 
20° 46' N. and Long. 87° 35' E., had unsettled weather with light varia- 
ble winds and heavy rain. She experienced a strong southerly current. 

The Himalaya, which was considerably further to the west and near 
the Orissa coast, had moderate north-easterly breezes and fine weather. 

28^^ June, — The barometer rose quickly in the Punjab, during the 
previous 24 hours, and was standing at its normal height at 10 A. M. 
Pressure continued to give way over the rest of India. The fall was 
not 4arge in amount, except in and near the depression at the Head of 
the Bay. The barometer had fallen at Saugor Island from 29 '53' at 
10 A. M. on the 27th to 2937* at the same hour of the 28th. 

The wind had backed to south-west and south over the Central 
Provinces, Central India, and Rajputana. This was evidently due to the 
continuance of strong westerly winds on the Bombay coast and their 
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extension eastwards over the centre and north of the Peninsnla. Xiight 
easterly winds were blowing, as on the 27th, up the Gangetic plain, indi- 
cating that the circnlation was as yet dnaSected in direction by the 
atmospheric whirl in the north of the Bay. To the north of the centre 
of dopresdon, or in Sonth Bengal, the circulation was increasing, bnt 
waa still very weak. The weather was generally clondy, and rain had 
fallen in moderate amounts over the same areas as on the 27th. 

The observations at the selected stations in Bengal are given below : 



a. 


W 


j,d. 


lii 




10 A. H. 
CioDd. 


t 


3 


A 


It! 


001 


8. W. 
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■003 


B. W. 
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B. B. W. 


29 
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■039 
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8. S. W. 
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6 


139 
75 


9 
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B. 


E. 


IE9 


E. 


B. S, E. 


6 


120 


10 


187 


E. 


B. b; N. 


9 


160 


10 
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N. N. E 


S. N. E, 


8 


67 


10 


114 


N. 


f 


2 


? 


10 


058 


oalm. 


N. W. 


4 


100 


10 


003 


W. B. W 


W.8.W. 


.0 


100 


10 


O20 


W. 


W. 


1 


175 


10 



Nancowry 

Port Blnir 

Diamond laUnd 

Ak:r*I> 

OhittBgoDg 

Josfioro 

CalcQtta (Ali|iore) 
Ssngor Uland ... 

BoliiBoro 

Cnluok 

FalMpoiiit 



29-913 
29-866 

2S'S07 



0-25 

C-8* 



0-10 
0-22 



0-32 

0-ca 



29-462 — -0 
28-614 — 



Pressure had given way over the whole of the Province of Bengal, 
and was below the normal of the day by amounts varying between -05" 
at Fatna and ■25" at Sanger Island. The air-motion over the whole of 
Bengal was now largely dependent on the cyclonic vortex. In East and 
8onth-WeBt Bengal winds ranged between east and north-east. Norther- 
ly winds prevailed at Balasore, and south-west winds at Gopalpore and 
False Point. The air was calm at 10 a. m. atCuttack. Over North Bengal, 
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Behar, and Chutia Nagpore light easterly winds were blowing. The 
indraught to the vortex had diminished the humidity and cloud-amount 
considerably in North Bengal and Behar during the previous 24 hours, 
as shown by the following results : — 





10 I 
Average ] 


i, M. 

Eumidity. 


Average 
Cloud Amonnt. 




27th. 


28th. 


27th. 


28th. 


North Beneral 


81 

79 
80-5 


73 

72 
70-4 


60 

4*8 
6-8 


4-0 


North Behar ............... 


3-2 


South Behar 


4-4 







The rainfall returns for the 24 hours previous to 6 P. M. indicate 
that moderate general rain had fallen over the whole of East and Souths 
West Bengal, and that very heavy rain had been received in Orissa. 

The following table gives the whole of the Orissa rainfall returns 
for the day : — 



District. 



Pooree 



Cuttack 



V. 



Station. 



BainfalL 



Balasore 



Pooree 

Khnrdah 

Banpur 

False Pomt .. 
Hookitola 

Jagatsingpore 

Banki 

Cuttack 

Kondrapara .. 
Jaipur 

C handball 

Bhuddruck .. 

Sora 

Balasore 

Jellasoro 

Baxipoda 



0-59 

0-60 

nil. 

8'04i 

3*68 

T50 
0-35 
1-79 
2-70 
2-8(> 

3-25 

1-78 
1-50 
0-94 
3-40 
113 



The weather on the Orissa coast is thus described by an observer s 
** Thick heavy weather with heavy rain and overcast skies prevailed 
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during the day. At 4 p. m. it was blowing hard. Heavy rain fell all 
night with variable winds." 

A few light showers fell in North Bengal and Ghutia Nagpore, bnt 
rain had almost entirely ceased in Behar. 

The following table gives the average rainfall throughout the Pro- 
vince of Bengal, and indicates clearly its distribution : — 



District. 



Orissa... 

South West Bengal ... 

East Bengal 

North Bengal 

North Behar 

South Behar 

Chutia Nagpur and") 
Sonthal Pergunnahs ) 



Average 
rainfall of 

previous 
2A hours. 



Heaviest 

rainfall 

in 2A hours. 




8-04 
076 
6-46 
1-25 
0-30 
010 



The information respecting the weather in the Bay on the 28tli 
June, extracted from the logs of the vessels, is given in the following 
etatement : — 
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Dir. 


Force. 




Bancoora 


4 A. M. 






29^653 


8. W. 


3 


Moderate breeze and poify. 




8 A. M. 






•716 


S. W. 


3 


Overcast at times. 




Noon 


15^08' 


85° 33' 


•683 


S. W. 


3 


Moderate following wind 
and overcast. 




4 P. M. 






•801 


S. W. 


3 


Moderate breeze and over« 
cast. 




8 P.M. 






•716 


S. W. 


3 


Moderate following wind 
and fair. 




Midnt. 






•671 


8. W. 


4 


Fresh breeze and cloady. 


Pomba ... 


4 A. M. 








8. 8. W. 


9 


A. M. Strong gale with 




8 A. M. 






29^540 


• • • 


9 


high sea and heavy 




Noon 18" 34' 90" 5^ 


•540 


• • • 


9 


squalls. Noon. A heavy 




4 p. M. Rangoon to- 


•460 


• • • 


9 


sea smashed in the port 




8 P. M. wards 


Sand 


•500 


« • • 


9 


bulwark rail forward of 




Midnt. 


Heads. 




620 


• • • 


9 


bridge. Midnight. Very 
















high sea running. 
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Vessel. 



Star of AL 
bion ... 



British 
Prinoess 



Hour. 



Soottish 
Chieftain 



Saint Mag- 
nns. 



8 A. M. 

Noon 

4 p. M. 

8 p. M. 
Midnt. 

4 a. m. 
8 A. M. 

Noon 
4 p. M. 
8 P. M. 

Midnt. 



o 
mi 

r 



P -1 Af 



20" 14 



20° 46' 



Prince 
Amadeo 



4 A. M. 
8 A. M. 

Noon 
4 p. H. 
Midnt. 

4 a. m. 

8 a. m. 

Noon 

4 p. M. 

8 p. M. 
Midnt. 



4 a. m, 

Noon 
6 p. M. 



o 



88^23' 



88° 7 



20° 60' 



II 

.2 1 



I 



29-600 



Wind. 



Dir. 



-440 
•400 
•470 



450N. by W, 
W. N. W, 
West. 



29-420 



88° 10' 



20° 52' 



Pilot 
bearin 
about 



N. W. 



W. N. W, 
West 

s. w. 



Force. 



5to8 



7 

7 

8 

9 

10 

10 

11 

11 



O A/ 



88° 3 



Brig 

gN.E. 

5 miles 



29-400 
•300 

•250 
•220 
•200 

29-830 

•330 
•290 

•260 

•320 
-300 



29-330 



N. N. W 



N. W. 
W. 

N. W. 



N. W. 

w. s. w. 

w. s. w. 
s. w. 



N. W. 

N.W. 

and 

W. N. W. 

Variable 

between 

W. AS. 



1 
2 

8 

4 
8 

6 



4 
6 

2 

10 



Strong 



BSMABKS. 



Wind freshening, weather 

cloudy and threatening. 
Continued lightning. 

Slight sea. 
Latter part, strong gale 

with thick driving rain, 

and westerly sea. 

4 A. M. Heavy rain, vivid 
lightning with thunder. 
High confused sea. 8 A. M. 
Heavy squall with tor- 
rents of rain. Moderate 
gale, high confused sea. 
Noon. Fresh g^e, high 
confused sea. 4 p.m. Fresh 
gale, high sea, and heavy 
rain. 8 p. m. Heavy squalls, 
torrents of rain, high sea. 
Midnight. Furious squalls, 
torrents of rain, and high 
sea. 

Noon. Weather very un- 
steady, much rain, thun- 
der and lightning. Very 
strong westerly current. 

Sky presenting a very wild 
appearance. 

Heavy gusts and heavy 
continued rain. 

Strong winds and high sea. 

Winds and sea more mo- 
derate. 

Terrific squalls. Tremen- 
dous sea at times. 

Heavy sea, dense darkness. 

Furious gale, high squallSy 
heavy sea. 

Midnight. Boisterous squal- 
ly weather with much 
heavy rain. 4 A. M. 
Squally weather, high 
southerly sea. Noon. 
Squally unsettled wea- 
ther. 4 p. M. Weather 
more moderate. 6 p. m. 
Weather having a wild un- 
settled appearance. 8 p.m. 
Heavy squalls from W. S. 
W. to S. S. W. much rain. 
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Vessel. 



Commilla 



Hour. 



4 a. m. 
8 a. m. 
Noon 
4 p. M. 
6 p.m. 
8 p.m. 
Midnt. 



o 






o 



O i\Af 



2r 04 



HimalaTa 



4 A. M. 
8 A. M. 

Noon 
4 p. M. 
8 P.M. 
Midnt. 



>0 Of/ 



89° 81 



22^*82' 



|| 

a 



29-379 
•317 
277 



•121 



•159 
•182 



88° 20 



Wind. 



Dir. 



29-354 



•264 
•354 
.449 
•427 



South 
S. S. W. 
S. S. W. 

S. W. 

Var. 

S. W. 

S. W. 



Force. 



7to4 
6 
8 
6 

9 to 10 
11 



Variable 

N. 
N. 
N. 
N. 



N. 



Bemabks. 



4 A. M. Very high sea 
from South and S. W. 
Breeze very variable in 
force with very hard 
squalls from S. S. W. and 
rain. 8 A. m. A very 
high sea running from 
S. S. W. Noon. Hard 
squalls from S. S. W. and 
very high sea from S. W. 
4 p. M. Hard squalls 
from S. S. W. and very 
high sea from S. S. W. 
6 P. M. Breeze very 
unsettled and hauling to 
N. W. at times. 6-30 
p. M. Very heavy rain, 
tremendous sea from 
8.S.W. andS. W. 7 P. M. 
Eased down' and stood S. 
by E. 7-30 p. M. Terrific 
sea carried away star- 
board cutter. 8 P. m. Ter- 
rific squalls from S. W. 
and very high sea. New 
jib and stay sail split. 



Fresh breeze and cloudy, 
with frequent rain squalls. 



The position of the centre of the barometric depression can be 
determined with approximate accuracy on the 28th. The obser- 
vations at the Light Vessels show that it was in the immediate neigh • 
bourhood of the Sandheads at 10 a. m. It was hence very approximately 
in Lat. 21° 0' N. and in Long. 88° 45' B. The following table gives the 
barometric and wind observations taken at the Light Vessels and nearest 
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land stations, as well as the distance and direction of the centre (assuming 
this to be in the position assigned to it above) from each : — 



Banp^or Island 
Light HoiLBO... 



Upper Gaspor 
Light YesBol... 



Intormodiato 
Light Vessel... 



Eastom Channel 
Light Vessel ... 



Position. 



o 

. 



o 

no 




O 



21° 89' 88** 6' 



Balasoro 



False Point 



21*" 31' 



21° 14' 



O f\f 



21° 



2130 



20° 20 



O o/ 



88° 3 



Oil/ 



88° 11 



88° 12 



86° 58 



8G°47 



o ^ 



Wind 10 A. M. 




O 

o 

.§ 



,0 
■fi) 

-t-> 

U2 



29-349 N.N.E. 



29-327 



29-241 



29-^ 



29-864 



29-431 



N. E. 



N.N»E. 



N.N.E. 



N. 



Strong. 






a 

o 



ft *^ 



c 

CD 



— r" 

3 ^ : Weather, Ac. 



^ o 



S. E. 



4 



6 



Light. 



S. E. 



miles 
63 



57 



E.S.E. 



E. 



W.S.W Moderate 



E.S.E. 



E.N.E. 



40 



Gloomy. 



Threatening 
heavy sea. 



Threatening. 



85 



130 



135 



nigh sea. 



Threatening. 



Gloomy. 



The centre at this time was only at a distance of about 35 miles 
from two of the Light Vessels ; yet these were experiencing comparatively 
feeble winds, as compared with the strong gales blowing, as the log of 
the Pemba proves, at distances of 200 and 300 miles from the centre 
in the south-easterly quadrant. 

The ships' logs do not give 10 A. M. observations. Their positions 
are given for noon, together with barometric readings and wind directions 
and force. When these are charted, they indicate the existence of a centre 
of depression in about Lat. 21° 3' N. and Long. 88° 40' E. The following 
table gives the positions of the ships at noon, and the distance and 
direction of the centre (assuming the position of this to be in Lat. 21° 3' 
N. and Long. 88° 40' E.) in each case* 
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Position at 
noon. 


■ 

Baro- 
meter 

at 
Noon. 


Wind (Noon). 


Direction of 
centre. 


Distance from 
probable position 
of centre at Noon. 






Lat. 

N. 


Long. 
E. 


• 

§ 

Q 


• 

• 

to 

OS 


Weather. 


Sangor Island ;21°39' 


88° 5' 


29-311 


N. N. E. 


Light. 


S. E. 


56 


Overcast. 


Light Uoase 


















Commillah ... 


21° 04' 


89° 31' 


29-277 


s. s. w. 


6 


W. 


54 


Hard squalls. 
Very high 
sea. 


Scottish Chief- 


20° 50' 


88° 10' 


29-250 


N. N. W. 


3 


E. N. E. 


35 


Unsettled. 


tain 


















Saint Magnus 


20° 52' 88° 3' 


29-290 


N. W. 


4 


E. N. E. 


42 


Strong wind. 


Prince Amadeo 


20° 52' 


88° 5'? 


29-330 


N. W. 


• ■ • 


E. N. E. 


40 


High sea. 
Squally. Uigh 




1 












sea. 


British Princess 


20°4G'88°r? 


29-420 


N. W. 


8 


E. N. E. 


43 


Heavy squalls 


Star of Albion 


20°14'? 88*»23'? 


29-450 


N. by W. 


5 


N. N. E. 


P 


Uigh sea. 
Threatening 


















weather. 


Pomba 


18° 34' 


90° 59 


• • • 


S. S. W. 


9 


N. W. 


225 


Slight sea. 
Strong gale. 


False Point ... 


20° 20' 


86° 47' 


29-309 W. S. W. 


Mode- 


E. N. E. 


125 


Heavy sea. 
Overcast. 










rate. 









In examining the above, it should be remembered that the positions 
assigned to the Commillah, Scottish Chieftain, Saint Magnns, and Star 
of Albion were determined by observation at noon, and hence are assumed 
to be approximately correct. The position of the Prince Amadeo is 
stated to have been a few miles to the S. W. of the Pilot Brig. The 
position given has been determined from that statement on the assump- 
tion that the station for the Pilot Vessels during the S. W. monsoon, 
is at a distance of from 7 to 10 miles to the south or south-west of the 
Eastern Channel Light Vessel (vvle Eison*s Sandheads Sailing Directory, 
page 156) ; and is probably correct within five or six miles. The position 
of the British Princess at noon was ascertained by dead reckoning, and 
is certainly not correct, as all the vessels had drifted considerably with the 
currents now set up at the Head of the Bay. The noon observations of 
the barometer and wind direction indicate that she was probably in about 
Lat. 20° 55' and Long. 87° 45'. 

The preceding table confirms much of the information given by the 
Light Vessels. The winds in the western quadrant, at distances of 30 to 
50 miles from the centre, were very light and unsteady in force, as com- 
pared with those in the eastern quadrant. The barometric observations, 
12 
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when cliarted, shew tliat the depression, as defined by the isobar of 29*3", 
was an elliptical sliaped area at the centre of which the pressare probab- 
ly did not exceed 29*2". The larger axis of this stretched E. N. E. 
and W. S. W., and was probably at least twice as long as the axis at right 
angles to it. 

The observations taken on board the Light Vessels at 4 P. M. also 
enable the centre to bo approximately determined at that hour. W hen 
charted, they indicate that the centre was in about Lat. 21° 10' N. and 
Long. 88° 30* E. 

The following table shows that this gives consistent results for the 
direction and distance of the centre from each position : — 





Position. 




Wind. 


•a S § 










Baro- 
meter. 




Direction 
centre. 


Distance fi 
probable posi 
of centre. 






Lat. 

N. 


Long. 
E. 


■ 

p 
o 


• 

■& 

a 

OQ 


Woaifacr» 


Saa^r Island 
Light lloose 


21° 39^ 


88° 5' 


29.270 


N. N. E. 


Mode- 
rate. 


S. E. 


43 


Overoast, 


Upper Gasper 
Light Vessel 

Intermediate 
Light Vessel 


21° 31' 
21° 15' 


88° 3' 
88° 11 


29-215 
29155 


N. E. 

N. 


5 
4 


S. E. 
E. S. Jti. 


38 
21 


Heavy 
Boa. 
Threa- 


Enstem Chan- 
iiol Light 
Vessel 


21° r 


88*" 12' 


29U2 


N. W. 


5 to8 


E. N. B. 


23 


teningf 
woathep. 

High sea 


False Point 
Light House 


20° 20* 


86° 47' 29*301 


W. S. W. 


strong. 


E. N. E. 


125 

1 


from 
S. W. 
Overcast. 



These observations also show the weakness of the winds in the 
western quadrant. The Intermediate Light Vessel, although only 21 
miles distant from the centre, experienced winds of force 4 at this time 
whilst the Peniba, about 200 miles to the south-east, had winds of 
force 9 to 10. 

Hence, the path of the centre during the day is determined by the 
positions given in the following table : — 



Hour. 



10 A. M. 

Notm ... 
4 P. M. 



Latitude. 



2V O'N. 

21° :rN. 

21° 10' N. 



Lonf^tnde. 



88° 45' B. 
88° 40' E. 
88° 30' B. 
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Tho character of the weather is fully shown by the reports given in 
the logs. Two vessels, the Commillah and Pemba, were in the east and 
south-east quadrants, in which alone thh winds were violent. The 
Pemba waa in Lat. 18° 14' N. and Long. 90° 59' E. by account at noon. 
She experienced strong S. S. W. gales during the whole day, with a high 
sea, and heavy rain squalls. A heavy sea smashed in her port bulwark 
rails early in the morning, after which the Captain eased the engines, and 
laid to, with the shipVhead to S. S. E., during tho greater part of tho 
afternoon. The Commilla, which was proceeding from Chittagoug to Cal- 
cutta, did not feel the full weight of tho south-westerly winds until the 
afternoon, when she was between the Mutlah station and the Sandlieads. 
She experienced, early in the morning, winds varying very considerably 
in force, with occasional liard squalls from S. S. W., and much rain. Dur- 
ing the whole of the afternoon, she had very hard squalls with heavy rain, 
and a tremendous sea. At 7-20 p. m. a terrific sea carried away tho 
starboard cutter. This was followed by very violent squalls of force 
11 from the south-west. 

The position of the British Princess was not ascertained by observa- 
tion during the day, and it is almost certain that she must liave drifted 
considerably with the strong currents set up at this time in tlio Head 
of the Bay. She was in the south-western ([nadjtiut in tho morning, 
and had heavy rain with a high confused sea. The rainfall increased 
early in the morning, and during the greater jMirt of the day she had 
" torrents of rain." The squalls also became heavier as the day advanced, 
and at midnii^ht furious squalls (force 11) from the south-west (lassed 
over the vessel. 

The Saint Magnus was in the western quadrant in the morning, 
when she had north-westerly winds of force 4 to 6. Heavy gusts of 
wind passed over the vessel, and continuous rain fell during the whole 
morning. In the evening, she was in the southerly quadrant, where she 
began to experience terrific s({ualls with a tremendous sea. At midnight, 
it wiis blowing a furious gale (force 10) from the south-west. 

Hence, over a large arca to the east and south-east of the central 
depression, violent south-westerly winds of force 9 to 11 were blowing at 
this time, producing a very high and dangerous sea near the Head of 

the Bay. 

Further south, as shewn by the log of the Bancoora, the winds in the 
centime of the Bay (Lat. 15° N., Long. 83° E.) were of moderate force and 
gave very faint indications of the action and disturbance to the northward. 

The Star of Albion, Roma, Prince Amadeo, and Scottish Chieftain 
were to the west of the centre of the whirl during the greater part of tho 
day. The Scottish Chieftain was prolmbly neai*est to it at noon. 
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The position of the Star of Albion is doubtful. The weather was 
threatening in the morning, and the winds shifted from north through 
north-west to west in the evening, increasing in force during the day. 
In the afternoon and evening, as the wind backed to west, a strong gale 
set in with thick driving rain. 

The Scottish Chieftain was in Lat. 20° 50' N. and Long. 88° 10' E. 
at noon. The winds were light during the morning ; much rain fell, 
but it was not until midnight, when the wind hauled to west, that she 
began to have strong winds and rain squalls. 

The Prince Amadeo was near the Pilot Station and to the west of the 
centre. Boisterous squalls with heavy rain and a high sea were ex- 
perienced during the morning. In the evening, the weather had a very 
wild appearance. The wind shifted round to the south-west, and heavy 
squalls passed over the vessel, bringing up much rain. 

The Light Vessels were all in the western quadrant during the day. 

The Captain of the Meteor (Intermediate station) states that the 
winds were changeable between north and west, and that frequent heavy 
showers occurred during the day. 

The Captain of the Comet (Upper Gasper Station) notes that the 
weather appeared very wild. Squalls with rain passed over the vessel, 
and a very heavy sea came up from the south-east. 

29th June. — The changes of the barometer over India during the 
preceding 24 hours were partly due to the further development of the 
depression and cyclonic disturbance ofP the coast of the Sunderbands, and 
partly to the appearance of a depression off the west coast. 

The barometer at Saugor Island had fallen two tenths of an inch 
since 10 A. m. of the 28th, and by considerable amounts at all the Lower 
Bengal stations. It had risen in the surrounding districts, so that the 
differences of pressure had become considerably greater and the depres- 
sion very marked. The disturbance was now giving strong easterly winds, 
with overcast skies and moderate rain, to East and South Bengal, and 
strong northerly and westerly winds and incessant rain to Orissa. 

The barometer had also fallen considerably at Kurrachee, where 
very strong N. E. winds were blowing. The wind had backed from 
west to south-west along the Bombay coast, thus almost certainly indi- 
cating the appearance or formation of a depression off the west coast. 

Over the Gangetic plain and the western Himalayas, variable winds 
obtained, with cloudy weather and light rain. 

The following table gives the observations at the selected stations in 
the neighbourhood of the Bengal depression : — 



o/ the Bay of Iteiiyal i- 





Ill 

B 


1" 


Wind. 


1 


1 

i 
I 


1 

2 


RamfaU 

of 
proTinm 
24houri. 


SlATlOIifl. 


10 h. 


16 h. 


PortBlnir 

Diamond Island 

Akyub 

Cyttngong ... 


29-876 
39-835 
20-095 
29-60S 
20-530 
2D--*4E 

30-322 
20173 

29-355 
29-«3 
29-440 
2D-G13 


^ -001 

+ -018 

+ -056 

+ -037 

-f -004 



-■070 

— ■201 
-■0(!8 

— 044 

— 012 

— 001 


8.W. 
8. W. 

S. 8. W. 


8.W. 

B. W. 
8. B. W. 


8 
13 
13 
11 

13 
19 

19 
20 

8 

6 

2a 
c 


73 
118 

163 
276 
1S7 
103 
800 

317 
186 
? 

lEO 
230 
ISO 


7 

5 
8 

7 

10 

10 
10 

10 
10 
10 
10 
10 
10 


3-ai 

0-30 

o-« 


3. E. 
B. 
B. 

B. 

B. 

N. N. W 

N.W. 

W. 8, W 

B. W. 


B. 
E. 
E. 

B. 
8. W. 
f 
W.N.W 
W.8. W 
W. byN 


2-31 
0-20 






CqIduUu (Ali- 




Saagor lelaud 


1-22 


Falto Point ... 


8-32 



The moteorological returns of the Bengal stationB show that a largo 
fiill of the barometer had occurred in South-West Bengal and Orisaa, whilst, 
over tho remainder of the province, a considerahlo recovery of pressure 
was taking place. Tho depression off Saugor Island was now nnnsually 
largo in amount, and such an is rarely observed in the rainy season. 
PrOBSuro waa below tho normal of the day at all stations, by amonnta 
varyinR between "01" at Durbhnngn and -45" at Saugor Island. Tho 
atmospheric circulation in Bengal was now directly dependent on thu 
cyclonic vortex off tho coast of the Sunderbands, and winds wero very 
strong in the neighlJonrUood of tho vortex in South-West Bengal, 
Orissa, and Chutia Nagpore. The winds in Chutia Nagpore and Sonth 
Bfhnr at 10 a. m. were from directions between E. N. E. and If. N. E. In 
North Bengal and Debar the winds wore from the east, tho normal direc- 
tion during the south-west monsoon. 

The air was now almost saturated in East and South-West Bengal 
and Orissa. Uumidily hud also iucreaacd very censidci'ubly over tho 
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remainder of the Province, more especially in South Behar and Chutia 
Nagpoi-e. The skies were overcast, or densely clouded, in all parts of 
the Province, except North Bengal and Behar. 

Orissa again received very heavy rain. The following table gives 
the amounts recorded at all the reporting stations during the 24 hours 
preceding 6 p. M. of this day : — 



District. 



Stations. 



Rainfall. 



/^' 



Pooree. 



Cuttack 



Balasoro 



-i 



V 



Pooree 

Khnrdah 

Baiipur 

False Point ... 

Hookitola 

Jagatsingpore 

Banki 

Cuttack 

Kendrapara ... 

Jajpore 

Chandbali 

Bhuddruck ... 

Sora 

Balasore 

Jellasore 

Baiipoda 



9-44 
7-96 
3-46 
5-39 
4-48 
4-90 
6-40 
5-61 
3-60 
1-98 
415 
0-93 
1-60 
205 
5-00 
1-60 



General rain, moderate to heavy in amount, fell in East Bengal, 
South- West Bengal, and Chutia Nagpore, and local showers in North 
Bengal. No rain of any importance fell in Behar. 

The following table gives the avenige rainfall for the preceding 
24 hours in the various divisions of the Province of Bengal, and indicates 
the distribution at this time : — 

Eainfall Table of the 29th June, 1883. 



Division. 



Orissa 

South-West Bengal 

East Bengiil 

North Bengal 

Norih Behar 

South Behar 

Sonthal Pergannahs and 
Chutia Nagpore 



i 



Number of 
stations in 
each pro- 
vince. 



1(» 
46 
26 
27 
16 
17 

16 



Average 
rainfall of 
24 hours. 



Heaviest fall 
'l4i hours. 



in 



4-32 
0-65 
1-59 
0-24 
0-03 
• • • 

025 



9-44 
3-76 
5-5() 
2-97 
0-25 
0-02 

1-54 
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Vessel. Hour. 



Bancoorn 4a.m. 

8 A. M. 
Noon 

4 p.m. 

8 p.m. 

Midut. 



Pomba . . . 



Star of Al- 
bion. 



4 a.m. 

N A. M. 

Noon 
4 p.m. 
8 p.m. 
Midnt 



d . 



18° 40' 



•5.W 

o 
.J 



o o 

u 



86^ 58' 



*2 rs !-• 



Wind. 






20-597 S. W. 



19° IG' 

Rnnproon 
Calcutta. 



89° 56' 
towards 



•600 
•666 

•517 

•517 
•495 

29-420 
•470 
•500 
•450 
•500 
•530 



Saint Mag- 
nos. 



o A. M. 

Noon 
4 P.M. 
8 p.m. 
Midnt. 

4 a.m. 
8 a.m. 
Noon 
4 p.m. 
8 p.m. 
Midnt. 



19° 43' 



S. W. 

s. w. 
s. w. 
s. w. 
s. w. 

B. W. 

w. s. w 
s. w. 



88° 37' 



19° 58' 



29-520 
•530 
•520 
•570 
•550 



29-230 



o oo/ 



88° 28 



W. S. W. 
S. W. 



8. W. 



W. S. W, 



u 

u 

O 
1^ 



5 
5 



10 



10 



9 



9 



9 



Remarks. 



•300 \V. S. W, 



•370 
•380 
•430 
•340 



W. S. W. 
S. S. W. 

s. s. w. 
s. s. w. 



to 10 
to 10 

10 

10 

10 

9 

8 

8 



Strong increasing 

breeze and puffy. 

Lightning in N. W. 

Strong unsteady wind 
and squally. 

Strong breeze and 
squally. 

Fresh following wind 
and overcast. 

Strong breeze with 
hard squalls through- 
out. 

A. M. Fierce gale with 
high irregular sea and 
hard squalls blo^ving 
with hurricane vio- 
lence. 1 A. M. Kept 
away course again 
(N. 51 W.) 5 A. M. 
Lay to again. 9 a. m. 
Kept away course 
again, sea breaking 
over the ship fore 
and aft. 9-15 A. M. 
Laid to. 0*30 p. m. 
Course again. 3 p.m. 
Hauled to the wind 
again. 5 P. M. Kept 
away course again. 
10-20 P. M. Sea be- 
coming confused ; 
weather inclined to 
moderate, sky clear- 
ing. 

Hard gale and heavy 
8ca, thick continued 
rain. 

Weather, more mo- 
derate and less rain. 

Heavy gale with terri- 
fic gusts, heavy sea, 
and continued heavy 
rain. 

Heavy squalls, rain, 
and high sea. 

Dirty appearance and 
heavy gusts. 



^ 
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Vessel. 



Prince 
Amadeo. 



Commilla 



Hoar. 



4 a.m. 



Noon 



Midnt. 



British 
Princess 



4 a.m. 
8 a.m. 
Noon 
4 p.m. 
8 p.m. 
Midnt. 



Scottish 
Chieftain 



4 a.m. 
8 a.m. 

Noon 
4 p.m. 
8 p.m. 

Midnt. 

4 a.m. 

o a. M. 

Noon 
4 p.m. 
8 p.m. 

Midnt. 






20° 00' 



20° 18' 



o 

< 

a 
o 






o 



o err/ 



88° 55 



88° 40' 



2'd fc 



29-320 



29 



190 
247 
252 
232 
237 
234 



20° 24' 



20° 40' 



88° 42' 



88° 10' 



29*340 



29-250 
-300 
•350 



•400 



Wind. 



ii 



W. to 
S. S. W. 

s. w. 
s. w. 



s. w. 
s. w. 
s. w. 
s. w. 
s. w. 
s. w. 



S.W.byS 



S. W. 



w. s 



w 



s. w. 



e 

o 
1^ 



8 
to 
10 



11 
11 
11 
10 
10 
10 



11 
10 

10 

10 

9 

9 

10 

11 

10 

8 

6 



Bbmabks. 



Morning. Strong gale, 
furioas squalls. 

Sharp vivid light- 
ning, wild unsettled 
appearance. Noon. 
Strong gale, heavy 
squalls, soa high and 
very confused. Even- 
ing. Similar wind 
and weather. 

4a.m. Terrific storm, 
continual rain, and 
furious squalls. 8 a.m. 
Squalls of hurricane 
force. Mountainous 
sea. Noon. Very high 
and dangerous sea 
running ; both an- 
chors lifted out of 
catchhooks, breaking 
one stock. 4 p. m. 
Wind and sea 
slightly moderating. 
Violent squalls from 
S. W. 8 p. m. Sky 
overhead clearing 
at times ; very dark 
wild squally wea- 
ther. Very heavy 
rain in the squalls. 



Torrents of rain. 
High confused sea. 

Westerly gale. 

Sea very high. 



Lost fore topsail, laid 
ship to under close 
reefed main topsail. 

Heavy rain and con- 
fused sea. Very 
strong westerly cur- 
rent. 
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Tlie YarioiLS obsenrations enable the centre of the barometric de- 
pression to be determined very approximately at 10 A. m. and at noon of 
the 29th. The wind directions at 10 A. M.*observed on board the Light 
Vessels at the Upper Gkusper and Intermediate stations were sonth-east 
and west, and hence the centre was between these vessels. Its position 
as determined by charting the wind directions and barometric heights 
was Lat. 21° 30' N. and Long. 87° 55' E. 

The following table gives the chief observations taken at the light 
vessels and neighbouring land stations at 10 A. M., and the distance and 
bearing of the centre from each of them. 



Sangor Island Light 
House. 

Upper Gktfpor Light 
Vessel. 

Intermediate Light 
Vessel. 

Eastern Channel 
Light Vessel. 



Balasore 



False Point 



Position. 



Latitude. 

N. 



21° 39' 



2r 31' 



21° 15' 



21° r 



21° 30' 
20° 20' 



Longi- 

tudo. 

E. 



o 



pq 



<0 E/ 



88° 6' 



88° 8' 



88° 11' 



88° 12' 



86° 68' 
86° 47' 



29-146 



29140 



29164 



29-199 



Winds. 






E. 



S. E. 



W. 



W. S. W. 



I 

o 
QQ 



Mode- 
rate. 



29-296 N. N.W. 



29*419 



8to9 



8 



W.S.W. I Strong 



i 



o 
•-I3 



SS 



a 



s. w. 



w. 



N.W. 



N. W. 



E. 

N. E. 



MJ 



Is ^ 

So a 



14 

8 

24 

33 

60 
110 



The nearest light-vessels were between 5 and 25 miles from the 
centre in the eastern qnadrant, and yet experienced very moderate 
winds of force 5 to 6, whilst the Pemba and Commillah, at much greater 
distances in the same quadrant, had winds of force 9 to 11. 

The unusual weakness of the winds in all quadrants near the centre, 
as compared with those in the south-eastern quadrant at considerable 
distances from the centre, is a remarkable fact, and one that is opposed 
to the general experience of cyclonic motion. 

The noon barometric readings and wind directions of the ships, 
when charted, indicate that the centre was at that hour probably in 
Lat. 21° 30' N. and Long. 87° 50' E. It had moved about five miles to the 
west during the previous two hours. 

The following table gives the distance and bearing of the centre 
£roi^ each of the vessels at that hour : — 
13 



94 



J. Eliot — The South-West Monsoon Storms 



[No. 2, 






Position. 



Latitude. 

N. 



Longi- 
tude. 

E. 



Sangor Island Light 
House. 



Commillali 



Scottish Chieftain 

Saint Magnus 

British Princess . . . 



Prince Amadeo. 
Star of Albion . 



Pomba 



21° 39' 

20° 18' 
20° 40' 
19° 58' 
20° 24' 
20° 00' 
19° 43' 
19° 16' 



88° 5' 

88° 40' 
88° 10' 
88° 28' 
88° 42' 
88° 55' 
88° 37' 
89° 56' 



I 



m 



29146 

29-252 

29-300 

29-370 

29*340 

29-320 

29-53 

29-50 



Wind. 



o 



E. 



S. W. 

W.S.W. 

W.S.W. 
S.W.byS. 
W.toS.S.W 

S. w. 
S. w. 






OS 



s 



d 
o 



Mode- S.W. 
rate. 



11 



10 



10 N.N.W 



10 

8 to 10 

9 to 10 

9 



N.W. 

N.N.W 



N.W. 
N.W. 

N.N.W 
N.W. 



g-3 

O O U 

.3-2 



19 



100 
60 
115 
95 
125 
145 
200 



The preceding table shows that the vessels were all in the south 
eastern quadrant. They were experiencing violent west to south-west 
winds with frequent squalls of hurricane force. The majority of them 
were for the first time feeling the full strength of the storm. 

The storm continued to pass to the westward during the day. The 
centre was probably in Lat. 21° 35' N. and Long. 87° 30' E. at 4 P. m. 

The observations taken at the light- vessels and the neighbouring 
land stations, with the probable distance and bearing of the centre from 
each, are given below : — 



Position. 



Latitude. 

N. 



Galcntta (Alipore) 

Burdwan 

False Point 

Cattack 

Sangor Island Light 

Hoase. 
Upper Gasper Light 

Vessel. 
Intermediate Light 

Vessel. 
Eastern Channel 

Light Vessel. 



22° 32^ 
23° 14' 
20° 20' 
20° 29' 
21° 39' 

21° 31' 

21° 15' 

21° 1' 



Longi- 
tado. 

E. 



88° 20' 
87° 54' 
86° 47' 
85° 54' 
88° 6' 

88** 3' 

88° 11' 

88° 12' 



o 
B 



m 



29-214 
29-245 
29-361 
29-285 
29-112 

29108 

29199 

29-237 



Wind. 



o 



E. 

N. B. 
W.S.W. 
W.N.W. 

S.W. 

S.W. 

S.W. 

S. W.by W. 



to 

a 

& 

QQ 



Strong 

Light 

Strong 

Light 

Very 

strong 

9 

9 



d 
o 



d 
o 

h 



s.s.w. 

S.W. 

N.N.E. 

N.E. 

W. 

W. 



W.N. 
W. 

8to9 IW. N. 
W. 



2 ° 

&d 

S'2 d 



85 
115 

98 
130 

38 

36 
60 
60 
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The preceding observations show that the light- vessels were now 
experiencing very strong soath- westerly winds, and that frequent severe 
squalls passed over them. 

The remarkable difference between the force of the south-westerly 
winds at distances of more than 30 miles from the centre and the winds 
from other directions and also the winds near the centre, is shown very 
conclusively by the Saugor Island observations. The greatest amount 
of wind, as registered by the anemometer at that station in any interval 
of two hours between 1 p. M. of the 28th and 3 P. m. of the 29th, was 
23 miles. The amount recorded between 1 p. m. and 3 P. M. of the 29th, 
when very variable unsteady winds were blowing, was only 5 miles. 
Between 3 p. m. and 5 p. m., during which hours south-west winds pre- 
vailed, 78 miles of wind were recorded, and between 5 p. M. and 7 P. M., 
46 miles. During this period, a severe gale of wind blew from the south, 
and gave rise to a tremendous sea. 

The position of the centre has been deduced from the various ob- 
servations. It moved during the day almost due westwards, parallel to 
the coast of the Sunderbunds. The vessels bound for Calcutta, which 
were approaching the entrance to the Hooghly, were almost without ex- 
ception in the eastern quadrant during the day. Their logs describe 
the force of the south-westerly winds in this part of the whirl in very 
similar language. 

The Commillah, in Lat. 20° 18' N. Long. 88° 40' E. at noon, had 
terrific gales, with continual rain and furious squalls, in the morning. 
Squalls of hurricane force passed over the steamer. A tremendous 
and dangerous sea was running. South-westerly winds of average force 
11 obtained during the morning. The wind and weather slightly mo- 
derated during the afternoon, but violent squalls continued to come up 
from the south-west, bringing very heavy rain. 

The Pemba, 100 miles to the S. E. of the Commillah, experienced 
a fierce gale with hard squalls blowing with hurricane violence. No im- 
provement occurred in the weather until late in the evening, when the 
sky began to clear and the sea to moderate a little. 

The Star of Albion and the Scottish Chieftain experienced similar 
weather. The log of the Saint Magnus (in Lat. 19° 58' N. Long. 88° 28' E. 
at noon) describes the weather in the morning as a heavy gale with terrific 
gusts and continued heavy rain. The Captain of the British Princess 
(in Lat. 20° 24' N. and Long. 88** 42' E. at noon) notes that the wind de- 
creased from force 11 in the morning to force 9 in the evening, and that 
torrents of rain fell during the morning. The wind blew steadily from 
the south-west quarter, and brought up a very high sea. 
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The Captain of the Comet speaks as follows of the weather on the 
29th : " Weather was very threatening. A heavy sea came up from the 
south-east ; the wind was very variable, shifting all round the compass. 
Bain squalls frequently came up. At midnight it was blowing a furious 
gale." 

The Captain of the Meteor remarks of the weather he experienced 
during the day : " The sea was very rough and a high squall from 
south-west came up at 8 A. m. Frequent heavy rain-squalls passed over 
the vessel. The wind shifted to south-west at lO'SO A. M. The barometer 
began to rise at 2 P. M. During the evening a strong south-west gale blew, 
and frequent terrific rain-squalls passed over the vessel. At 11 P. M. the 
wind began to decrease in force and the squalls were less frequent." 

30^^ June, — The depression off the mouth of the Hooghly on the 
29th had travelled in a westerly direction, crossed the coast near Bala- 
sore, and passed westward to the north of Cuttack. 

The depression was apparently smaller than on the previous day, the 
lowest recorded reading of the barometer at 10 A. M. being 29*35''. It 
was, however, a well-marked depression of about a quarter of an inch 
at the centre. The westward motion of the disturbance caused the baro- 
meter to fall briskly at Cuttack and in the adjacent districts of Chutia 
Nagpore and the Central Provinces, whilst, over the whole of Bengal, a 
very rapid recovery of pressure occurred. The wind directions in North- 
Eastern India indicated the continuance of cyclonic circulation in Bengal, 
Orissa, the Central Provinces, and Chutia Nagpore. Winds were from 
west in Orissa, south to east in Bengal, north in Chutia Nagpore, and 
north-west in the Central Provinces. 

In other parts of India, the barometer rose generally during the 
preceding 24 hours. The changes over the greater part of the North 
Western Provinces and Bombay slightly exceeded a tenth of an inch, but 
the relative distribution of pressure was unaltered, except in Bengal and 
Orissa. The wind on the Bombay Coast had veered again to south-west, 
and was moderating. Very cloudy skies prevailed over the whole of 
Northern India. Heavy rain showers had fallen in the North- Western 
Provinces, and diminished the temperature over a large portion of Upper 
India from 10° to 15°. 

Heavy rain continued to fall in connection with the cyclonic vortex 
in Orissa and the western districts of the Central Provinces. 

The preceding remarks are illustrated by the following obser- 
vations : — 



o/ the Bay of Bengal in 1883. 



■31 



^3 

S3 
l|5 



Nancowry ...-.,.--.., 

PortBliiir 

Diamond Island ... 

Akyab 

ChittD^n^ 

Calcuttn (Aliporo) 
Bangor lalaiul 



Cnttack 

Falio Point . 
TiugapaUm. 



s. w. 


8. S. W. 


s. w. 




5. B. W. 


8. W. 


8. S. E. 




E. 


E. 


S. K. 


8. 


E. S. E. 


S.E. 


8. B. 


i. 5. E. 




a £. 


S. 




W. 


ff.N.W, 




8. 


w. 


W. by B. 



Tho following obBcrvatiomt taken at stations in and near the area of 
oyclooic disturbance on the morning (10 t. h.) of 30th June give data 
for the determination of the atonn centre at that hour : — 
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The observations indicate that the cyclonic area extended over 
Orissa and the north-eastern districts of the Central Provinces, and that 
the centre was in the neighbotCrhood of Sambalpore and to the north-west. 
The probable position of the centre at 10 A. m. was Lat. 21° 45' N. and 
Long. 83° 50' E. ; and the barometric height there was almost certainly 
not lower than 29*3". It had consequently crossed over the Northern 
Orissa Hills (in the Hill States of Morbhanj, Keunjhar, and Pal Lahara), 
the average height of which appear to be about 2000 ft., and the highest 
points of which slightly exceed 3,500 ft. This area is described in the 
following language by Dr. Hunter in his Statistical Account of the Orissa 
States : — " From the north bank of the Mahanadi, the ranges tower into 
a fine watershed, from 2000 to 2500 feet high, running north-west and 
south-east, and forming the boundary of the States of Nursingpore and 
Baramba. On the other side, they slope down upon the States of Hindol 
and Dhenkanal supplying countless little feeders to the Brahmani, 
which occupies the second of the three valleys. From the north bank of 
this river, the hills again roll back into magnificent ranges, running in the 
same general direction as before, but more confused and wilder, till they 
rise into the Keunjhar watershed, with peaks from 2500 to 3500 feet 
high, culminating in Malayagiri, 3,895 feet high, in the State of Pal 
Lahara. This watershed, in turn, slopes down into the third valley, 
that of the Baitarani, from whose eastern or left bank rise the hitherto 
almost unexplored mountains of Morbhanj, heaped upon each other in 
noble maeses of rock, from 3,000 to nearly 4,000 feet high, sending 
countless tributaries to the Baitarani on the south, and pouring down the 
Burabalang, with the feeders of the Subarnarekha, on the north. The 
peaks are densely wooded to the summit, and, except at the regular 
passes, are inaccessible to beasts of burden. The intermediate valleys 
yield rich crops in return for negligent cultivation ; and a vast quantity 
of land might be reclaimed on their outskirts and lower slopes." 

Hence, during the interval between 4 p. m. of the 29th and 10 A. m. 
of the 30th, the centre of the storm had crossed the Balasore coast, 
been transferred across the very broken and elevated ground of the North 
Orissa Hills, and was at 10 A. M. of the 30th in the direct line of its advance 
previous to crossing the hills. What actions occurred during its passage 
across this hilly country are unknown, but it is certain that they pro- 
duced no appreciable resultant effect on the line of motion of the vortex, 
and only a very moderate one on the depression at the centre. This was 
29-3" at 10 A. M. of the 30th, as compared with 2914" at 10 a. m. of 
the 29th. There can be little doubt that the effect of the irregular 
character of the country would be to break up and disintegrate the 
cyclonic or rotatory motion in the lower atmospheric strata, or to dinii- 
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nlsh aa a whole the intensity and amonnt of the cyclonic motion, and, 
therefore, also of the depression at the centre, which roughly meaenres 
the intensity of the disturbance. 

The observations taken at 4 f. m. in the neighbonrhood of the centre 
are given in the following table : — 
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In comparing these observations with the preceding 10 a. U. obser- 
Tations, it ehonld be remembered that the fall of the barometer between 
10 A. M. and i p. M., due to the diurnal oscillation, is ■ll' during the 
months of Jnne and July in the Central Frovinces. Hence, making 
allowance for this, it will bo soea that the barometric changes dne to the 
storm were of the following character. Pressure had increased about -08" at 
Cuttack and '11" at Hazaribagh, and had fallen -03" at Sambalpore. It 
had, conseqaently, risen during the previous six hoars at all stations in 
the immediate neighbourhood of its centre, except Sambalpore, the near- 
est station. These facts appear to establish in this case that which I 
believe, from an examination of other similar cyclonic disturbances, to 
be a general result of the advance of a storm over a hilly country, »«,, 
that the storm tends to break up, the cyclonic motion becoming more 
irregular, and the barometric depression smaller in amount over the 
greater part, if not the whole, of the area of cyclonic circulation, but fre- 
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qnently extending over a larger aa^ea. In other words, the cyclonic ac- 
tion becomes less intense and more diffnse, which is probably the first 
step in the disintegration of *cyclonic disturbances. On the other hand, 
if, after its passage across hills, it receives increased energy and again 
intensifies, this is usually indicated by a contraction of the storm area, 
and by an increase of the depression near the centre. 

The position of the centre at 4 p. m. was apparently almost identical 
with that in which it had been at 10 a. m., and was, so far as can be 
inferred from the observations, in Lat. 21° 50' N. and Long. 83° 30' E., or 
about 20 miles to the west of its position at 10 A. M. 

The rainfall during the previous 24 hours in Orissa and Chutia Nag- 
pur is given in the following table : — 



Division. 



Districts. 



Average rain- 
fall of dis- 
trict. 



Highest 

rainfall in 

district. 



Orissa 



Chhattisgarh 



1 
1 
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x>a I asore ••• ••.••*...••• 

Bilaspore 
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Bhundara 
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Nagpur 

Jubbulpore 

Seoni 

Mandla 

Damoh 
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Chhindwara 

Betul 

Hoshangabad 

Nimar 



1-83 
2-07 
302 

0-61 
117 
1-30 

1-82 
2-71 
0-03 
nil. 

0-54 
0-73 
0-26 
0-26 
0-03 

0-88 
103 
0-43 
001 
nil. 



3-88 
3-21 
6-64 

2-54 
4-08 
203 

2-71 
4-54 
0-10 
nil. 

0-65 
2-09 
1-81 
0-90 
Oil 

300 
409 
2-83 
0-05 
nil. 



The meteorological information extracted from the logs of vessels 
at the Head of the Bay on the 30th is given to show the improvement 
in the weather, and the establishment of southerly winds over the Head 
of the Bay.. 
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30^^ June 1883. 
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The preceding observations call for little remark. They show that 
south-westerly winds were fully established over the whole of the north 
of the Bay, but that they were diminishing rapidly in force. Before 
sunset, moderate breezes and finer weather had set in. Heavy squalls 
came up during the early part of the day, but the only vessel which re- 
ports rain during the afternoon was the Saint Magnus. In her case, 
however, it is stated that the weather improved rapidly and was fine, 
with moderate winds, at 8 P. M. Hence, the stormy weather in the Bay 
ceased about noon of the 30th. A heavy swell continued to run for some 
little time afterwards, and strong westerly winds prevailed for the next 
24 hours. 

July 1st. — The following table gives the observations taken at a few 
of the most important stations, and indicates the general character of the 
weather over India on the morning of the 1st : — 
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The observations of the 1st indicate tb&t the barometric depression 
moved daring that day in the same direction as hitherto and at a rate of 
abont 15 miles per honr. Tha westward motion of the depression bad caasod 
a foil of nearly two-tenths of an inch in the barometer over the greater 
{«rt of the Central Provinces, and a general, although a slight, decrease 
over the whole of the Peninsnla and Bombay. In Bengal, the rapid recovery 
is progress on the 30th continned. A rapid rise had also oconrred ovor 
the Pnnjab and the weetem districts of Uie North Western Provinces, doe 
to some other and independent action. A very distinct circnktion of the 
air was shown round the centre of depression. In the mid-Gangctlo 
valley, the winds had drnwn round to north-eaet, and, over the western 
portions of the Central Provinces, they were blowing from north-west. 
Moderately strong winds oontinaed at the Head of the Bay and in Sonth 
Bengal. No change of importance had occurred in the wind directions 
over Bombay and the aoath of the Peninsula. Strong west winds pra- 
vailed along the Bombny coast, where, however, little or no rain was 
falling. Local winds obtained in the Punjab. The sky was less clouded, 
the weather finer, and rainfall leas in amount over the Gangotic delfai, 
and valley. The depression wiw, however, giving very heavy ruin to tlie 
Central Provinces, where the sky was overcast. Over the remainder of 
the conntry, the weather wns of the usual monsoon diameter. 

The storm had adi'anccd tlirough the Chhatisgarh division of the 
Central Provinces (which includes the Sambalpore, Bilaspore, and Baipore 
districts), and was now passing thitingh the Jubbnipore and Nagpnr 
divisions. 

The following table gives the 10 a. m. observations at the stations 
in the ueighbourhood of the centre at that hour : — 
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The number of observatories in Chutia N&gpore and the north- 
eastern districts of the Central Provinces is very small for their extent. 
Hence, it is not possible to state with approximate exactness the poBition 
of the centre of tho depression at this time. 

The observations, however, indicate that the centre was to the east 
of Seoni, and that it was at nearly eqnal distances from Jnbbnlpore, 
Seoni, and N^pore, and hence almost certainly in Lat. 22° N, and 
Long. 81° E. 

The following table givoH the observations at 4 P. M. for the deter- 
mination of the position of tho centre at that hour : — 
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Allowing for the amount of the fall of the barometer between 10 
A. M. and 4 p. M. due to the dinmal oscillation, the barometer had risen at 
Sambalpore '11", and had also risen at Akola '02". The only portion of 
the area in which it had fallen was that represented by the station of 
Seoni, where it had fallen '03". 

The wind directions at Seoni and Nagpore were east and west 
respectively, and indicate that the centre was between these two stations, 
and probably some little distance to the east of the line joining them. 
Its probable position was hence in Lat. 22° N. and Long. 79° 45' E. 

The following table gives the average rainfall during the previous 
24 hours in every district of Orissa and the Central Provinces : — 



Division. 



Orissa 



District. 



Chattisgarh 



Nagpore 



Jubbulpore 



Nerbudda 



Pooree 

Cuttack 

Balasore 

Sambalpore .. 

Raiporo 

Bilaspore 

Bandhara 

Balagliat 

Nagpore 

Waixlha 

Jubbulpprc .. 

Seoni 

Mandla 

Damoh 

Saugor 

Nursinghpore 
Chhindwara .. 

Betul 

Hoshangabad 
Nimar 



Average 

rainfall of 

district. 



0.01 

nil. 

0-09 

1-05 
1-60 
0-56 

2-97 
2-47 
3-88 
1-91 

0-66 
2-76 
0-02 
0-27 
0-28 

0-63 
416 
3-91 
2-90 
004 



Highest in 
district. 



0.05 

nil. 

0-20 

5-25 
4-25 
2-92 

4-36 
500 
4-80 
418 

1-62 

5-65 
015 
0-80 
0-48 

1-25 
4-90 
613 
5-99 
101 



This table indicates that rain had practically ceased to fall in Orissa, 
and tliat moderate rain had fallen in Chattisgarh. Heavy rain had been 
received in all districts of the Central Provinces through which the cyclone 
passed during the day, namely, the Seoni, Chhindwara, and Hoshang- 
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»bad diBtricta, and also in the diatricte to the south of the line of 
motiou ; whilst in the districts to the north the rainfall wm light. 

The following table shews that the amount of rain in Banga) was 
Tery small ; — 



Districts, 



OnBsa 

South West Bengal . 

East Bengal 

North Bengal 

North Behar 

South Bchw 

ChutiaN^pore 



Average rain- 


Highest in 


fall of district. 


district. 


0.04 


0-20 


012 


0-96 


009 


050 


0-08 


137 


nil. 


007 


0.05 


0'80 


0-11 


0-46 



2nd July. — The following table gives the 10 a. m. obserrations of 
this day at the nine moat important observatories in India. 





3S 

jlj 


1 


1 


W!nd. 


i 






Stiticins, 


■H 


Direction, 


Amount in 
miles per 
honr Binco 


Weather. 




10 h. 


10 A.M. pro 
yioos day. 




Cal 


29-G73 
'613 
■690 
■656 
■708 
■541 
■621 
■705 

■791 




8. W. 

B. 
W. 

N.W. 

w. a. w. 

E. S- E. 

e. w. 
w. 

W. 8. W. 


4 
8 
2 
18 

20 

7 
18 
6 

10 


8 
2 
6 
2 

10 
6 

10 

7 

6 


0'03 
001 

O-'lB 

8'23 
1-83 




Allahabad 

Lnhore 

Korraobeo 

Bombay 

'j;^„ 


+ 
+ 


047 
111 

086 
057 
137 
150 
020 


Strong wind. 
Fine. 

Finn. 
Showery. 

StroDRwind. 
Tlinnder 


Hodros 











The observations taken throughout India shew that the barometric 
depression had continued to travel westward in the same general direction 
as during the previous two days, and with the same velocity approxi- 
mately as during the aftemoon of the lafc. A rapid recovery of pressure 
had occurred over the greater part of the Central Provinces, amonnting 
at several stations to '15'. The barometer had on the other hand fallen 
over the districts towards which the centre was advancing. The fall 
was greatest at Indore, where it slightly exceeded "25" since 10 A. M. 
of the 1st. Pressure had decreased over the whole of the Punjab, the 
North-Westem Provinces, Bombay, and the greater part of Bengal and 
Burmah. This fall was due to general actions unconnected with the 
e of the depruHsiou iu Western India. 
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The general character of the air motion remaitied the same, except 
in tbe neighbourhood of the moving area of depression. Southerly winds 
now prevailed in the Central Provinces. The westerly winds on the 
Bombay coast were slightly stronger than they had been on the previous 
day. The easterly winds prevalent over the area to the north and 
north-east of the storm centre were comparatively dry, and little or no 
rain fell in that part of the depression where they were blowing. The 
rainfall was heavy in the soatbero quadrant of the disturbance. 

Xiittle or no rain was falling at the time in Assam, North Bengal, 
Behar, the North- Wostem Provinces, the Punjab, and over the greater 
part of Bombay. 

During the interval between i p. u. of the 1st and 10 A. H. of the 
2nd, the centre continued to advance in a general westerly direction 
through the Narhadda Division of the Central Provinces. 

The following are the observations taken at the meteorological 
stations in the area of depression at 10 a. m. of the 2nd. 





si 


■s i 

pi 


Wind. 


1 

Is 


2? 




STiTlONfl. 


Direction 
at lU A. a. 


Amount in 
miles por 

IOa.h. pro- 
rioua (lay. 


lil 


Wottthor 


Simgor 


20-488 


-m 


N. E. 


11-0 


8 


a38 


Sh.,,^. 


Aiola 


■577 


— ■061 


W. 


22-0 


in 


743 


ContinnoM 








w, s. w. 










Neomaoh 


-600 


— ■164 


E. N. E. 


SOfl 


10 


0.8. 


Showery. 


Indoro 


-410 


— ■259 


N.E. 


IS^O 


10 


168 


ahowary. 


















Ajmere 


■646 


— ■140 


N.E. 


60 


4 


048 




Kbiudwa 


■494 


-■141 


w. s. w. 


13-0 


10 


2-64 


Continnoni 


Mount Abu ... 


SS-6S2 


— 1B9 


N. 


9-0 


9 


3-34 


Ditto. 
















Showery. 
ContinuoM 


Hklagaon 


■670 


— ■078 


w. 


180 


10 


2'83 


Nagpare 


■S21 


+ 160 


8. W, 


J80 


10 


322 


Strong wind. 




'603 
■599 


+ '140 
+ 116 


8. 
8. 


ISO 
120 


s 

9 


1-20 
0-DG 






rain. 
Strong wind. 
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The barometer was lowest at Indore. The barometric heights and 
wind directions, when charted, indicate that the centre of the depression 
was at noon very uear Inaore and to the east of it, and hence in 
Lat. 22'|° N. and Long. 76° E. Strong windii and very heavy rain 
characterized the western and southern qnadrants. In the northern 
quadrant, winds were mnch more moderate, and rain fell only near the 
centre of the depression. 

The following are the 1 p. h. observations, which enable the position 
of the depression and its centre to be determined at that faonr : — 





S 




l^l 


Wind. 






Station. 


111 

pi 


Direction 
at 4 p, H. 


Amoant in 
miloH per 

10 A. M. 


Weathor. 


an or 




+ 
+ 
+ 


061 
020 
ISS 

148 
119 
125 

183 
031 
135 
050 
16G 
131 
161 
175 


B. 
W. S. W. 

s. w. 

B. 
8. W. 
E. 
E. 
W. 

w. s. w. 
w. 
w. 
w. 
w. 
s. w. 


140 
21-7 
23-3 
117 

8-7 
10-9 
12'4 
17'6 
33-0 
19-8 
18'0 
20-3 
15-8 

GO 


8 
10 
10 

9 
10 

7 
6 

10 
10 
10 
10 
10 
8 
9 


Cloudy. 
Strong wind. 
Strong wind. 






E29 
S6G 

S68 
414 
89S 
399 
4U 
495 
557 
370 
463 
42S 
423 








OvBTOWt 




Strong wind. 












Ml 


Strong wind. 






Strong wind. 
Strong wind. 
Orcrcost. 







Allowing for the amount of the dinmal oscillation between 10 a. h. 
and 4 P. m., it will be seen that the barometer had fallen during the pre- 
ceding six honrs at Xeemnch, Ajmere, and Deesa, whilst it had risen rapidly 
in the Central Provinces. The centre was between Neorauch and Deesa, 
whero the barometric heights wore practically the same, and winds were 
in opposite directions. It was approximately in Lat. 23" 30' N. and 
Long. 74° 30' E. 
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The following table gives the rainfall in each district of the Central 
ProTinces daring the 24 hours preceding 6 p. h. of the 2nd. 



Di^ion. 


District. 


AverRge 

Rainfall of 

district. 


HiffhcBt in 

district. 


Chattisgarh i 


Sambalpore 

Raipore 

Bilaapore 

Bhandara 

Balaghat 

Nagpnr 

Wi^ha 

Jnbbnlpore 


0-09 

nil. 

0-05 

0-25 

0-71 

225 

nil 

002 

0-06 

nil. 

0-07 

010 

019 

0-0() 

0-91 

0-96 

5C2 


0-45 
nil. 
0-20 

0-70 
1-90 


I 


nil. 
0-0.5 
017 


Jnbbnlpore - 

Narbudda ■ 


Mandla 

Damoh 

Sangor 

Narsinghpore 

Chhindwara 

Betnl 

UoBliangahad 


nil. 
0-20 
041 
0-76 
019 
2-45 
3-S5 
8-20 



The rain&ll of the previous 24 bonra was sniatl in anionnt. The 
Nagpnr district received local heavy rainfall. The only district where 
the rainfall dne to the cyclonic diatnrbance was large in amonnt wan tlio 
Nimar district. It na« in the sonthern qnadrant of the etorm area dnring 
the greater part of the day, and received an average of 5'62 inches. 

3rd July. — The following table gives the obHcrvations for the 3rd 
July at the chief meteorological stations in India :— 





ss 

3^ 


2| 


w<M. C 


2-= 
" 6 




BT*-Tion. 






hour i.i..ep _ ■* 


WonUiOT. 


_ 


■713 

■013 
■*t(i 
■732 

■Cftl 

-7ao 

■8*5 
■854 




a I 9 

4 1 4 
1 1 6 
18 
£6 li) 

18 i S 

G 1 G 
' & 
8 S 


nil. 
nil- 
nil. 

0'05 

0-ai 

nil. 
0-tH 






■• ■099 
+ ■023 
— ■110 
+ 'OS* 

+ 123 

+ 139 
+ 000 


N. 

E. 

X. N. W. 

S. 8. W. 

8. 8. W. 

&■ a. w. 
8. w. 
8. W. 








XUTTMheo 


Gloomy. 




winil. 

Shcwotj. 
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The depresaion was now in the immediate nei^hbonrbood of the 
Arabian Sea, between Emrachee and Bajkot. The barometer during 
the previouB 24 hours had f^len between 'l" and '15" in Sind, Cntch, 
Gmzerat, and the adjacent districtB of Bajpntana. In the rear of the dia- 
tnrbance, over the Central Provinces, the Berars, and Central India, a 
recovery of preeaure, varying in amonnt between 15" and '25", had 
occnrred. Over the remainder of India, preseare had increased briskly. 
The depreseion in Cntch and Qnzerat had coneequently been emphasized 
by these changes, and the baric gradients over the area of depression 
were large. South-westerly gales were now blowing on the west coast, 
from Bombay northwards, and were giving very heavy rain over the 
sonthem and eastern portionB of the depression. Over Northern India, 
the winds varied considerably in direction and were light and unsteady. 
The weather was cloudy, and light and partial rain was falling, over the 
greater part of Northern India, ezcept the Punjab and parts of the 
North-Westem Provinces. 

The centre of the depression at 4 p. h. on the 2nd was to the west 
of Neemnch in the Indore State, and was advancing westwards into Gnzo- 
TtA. The following table gives the 10 a. n. observations of the 3rd at the 
stations in the area of cyclonic distorbance : — 





32 

pi 


2- 


Wind. 


3 


»3 




Stations. 


DiriiotiaQ 
at 10 a.m. 


honr 8i..L-o 
lOA.H.pre- 
viora day. 


Is 


Weathw. 


Knrrachec 


S9M6 
20-495 

B9-467 
29-636 
29-676 

2e'3S6 

£0-420 


— ■110 

— ■171 

— ■076 
+ ■090 
+ -260 
+ 130 

— -207 

— 137 


N. N. W. 
8. W. 
S. B. 
B. B. 
S. E. 
B. 8. W. 

N, N. W. 


18-0 
830 
17-0 
ll-O 
7-0 
22-0 

30 


9 
10 
10 
9 
6 
10 

10 


0-05 
9-86 
0-48 

o-io 

010 

0-21 

0-70 


Gloomy. 

Dast Btorm 
with rain. 

Tbroatening 
wenthor. 

etroDg wiod. 

Gloomy. 

Thunder and 
lightning at 
diatanoe. 

Fine. 

StnmL' wind. 




Indore 

Naemnch 

Bhnj 

Hyderabad ... 



The barometer had risen rapidly at Indore and Neemnch, whilst it 
had fallen somewhat less rapidly at Bhuj, Bajkote, Deesa, Hyderabad, 
and Kurrachee. The preceding observations indicate that the centre 
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waa between the three stationa of BliQJ, Bajkote, and Deesa, and proba- 
bly not for from the first-named station, in Lat. 23J° N. and Long. 
69}° E., and hence nearly in the centre of the district of Cntch. The 
observations show that winds were nnnonally light in the north-weatem 
quadrant. The average wind velocity at Bbnj daring the previons 24 
hoota was only 3 miles, and at Hyderabad S miles. The westerly and 
Bonth-westerly winds at Bajkote and other stations in the easterly and 
soatherly qnadmnts contrast strikingly with the feeble winds to the 
north of the centre of the depression. 

The following are the i p. m. observations taken at the stations 
within the storm area : — 





132 


I 


WiDd. 


P 




SriTioHs. 


Direction 
at 4 p. H. 


milcB per 
hour since 
10 A.M. 


WeathOT. 


KtirrscbBe 

Bajkote 

Monnt Abu ... 


S9-30* 
X9'«G4 
M-698 
29-56S 

29-627 
89-587 
29-216 
29317 
89-882 
£9-481 


— ■182 

— ■004 

■(■■04a 

■H^IGS 
+ ■213 
+ ■319 

— ■207 

— 105 
-■066 
+ 021 


N. N. W. 
S.B.W. 

S. 

w. 

8. 
S. 8. W. 

8. 
ELN. E. 

E. 
N. E. 


lC-8. 
32-3 
13-8 
12-2 

6-7 
11-2 
26-7 
58-8 
172 

3-0 


10 
10 
10 
5 
10 
10 
10 

6 
6 

4 


Strong wind. 

Strong wiud. 

Gloom;. 

Gloomy. 

Gloomy. 

Gloomy. 


lodoro 

Noemnoh 


Jacobabad 

Unltan 


Strong wind. 
Strong wind. 
Fine. 



When the obaervationB are charted, tbey indicate that the centre 
was between Bhnj and Knrnwhee, where the barometric readings were 
lowest, and winds were from S. and N. N. W. ; and at a short distance 
to the W. H, W, of the former station. Its probable position was in 
Lat. 23}° N. and Long. 68J° B. K allowance be made for the diurnal 
oscillation, it will be seen that the barometer had altered little at Bhnj, 
and was rising qnickly at Bajkote, bat continued to fall rather rapidly 
at Kuirachee. 

The following table gives the average rainfall in the divisions of 
Bengal: — 
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Average minft^l Highest minfall 


Oriasa 


003 

0-04 
012 
0'04 
nil. 

0'03 


0-30 




0-52 




1-40 




0-56 





















The above return abows that, with the exception of a few local 
ahowers, rain had ceased in the Province ol Bengal. 

As daily retnma of rainfall in Central India ani3 the Bombay Pre- 
sidency are not at my disposal, it is not possible to give full details of 
this element of observation for the previone 24 hours. The returns of 
Bhnj, Rajkote, Kurrachee, Ac., however, indicate clearly that the rainfall 
was heavy over the southern half of the cyclonic area and light over the 
northern. 

ith July. — The following are observations taken at 10 a. m. of the 4th, 
and illustrate the more important changes that had occurred during the 
previous 24 hours in the meteorology of India. 
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1 
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o 

1" 
1 


jl 




StATIONB. 




ID niilca 

10 A. ». 

previooB 
day. 


Weather. 


CnUutta ... 
Alliihabnd... 

Lahore 

Kurrachpe. . 

Bninbny 

jBypore. 

Nagpore 

Madras 

Bangnlore ... 


20-li43 

2!)-G53 

20-807 
20-751 
39-BlI 
39-864 
20-001 


— ■04)2 
-■(MS 
■f-033 

— ■066 
+ -136 
+ -OBJ 
^■■051 
+ -010 
■t -047 


N.-W. 
N.ff. 
Calm. 

E. 

S. 
W.N.W 

W. 

w.s. w 
w. 


5 
2 
6 
33 

2fl 
7 
4 

7 
7 


10 
fi 
G 

10 

10 
8 

7 
4 
4 


212 

083 
0-23 


Fine. 

Fine. 

DuBtstorm with nuni 

Galo of -nind. 

Pino. 

Fioe. 

Fine. 

Pino. 
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The observatioiis taken at the obserring etatioiiB in Sind and 
Gazemt at 10 a, m. are given below. They shew that the whirl waa still 
quite distinctly marked, that it continued* to advance to the westward, 
and that it wae now near the Head of the Arabian Sea, to the S. W. 
of Knrrachee. A rapid rise of the barometer had occurred over upper 
Sind and Gazerat. Knrrachee was the only station where pressure was 
lower than on the morning of the 3rd. South-westerly winds prevailed 
in Cutch and Gnzeiat. The wind had shifted round to east at Kurrachce, 
and was blowing with considerable force. It brought up a dust-storm 
from the Rajputana desert followed by rain. 

The centre of the depression had crossed the Sind coast during the 
previous evening. It is not possible to follow its motion farther, as no 
observations are available for this portion of its path. It is, however, 
probable that it speedily broke np. 

The following 10 k. m. observations taken at stations in Western 
India nearest the area of cyclonic disturbance illustrate the previous 
remarks. 
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The following 4 p. m. observations shew that the barometer was 
rising lapidly at Kurrachce, as well as at the neighbonring stations, and 
that the wind at that station was slowly shifting round to its normal 
direction (S. W.) in Jaly. They indicate clearly the continued eiistenc© 
of the whirl at the head of the Arabian Sea. 
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Wenthor. 


Kurraohee 

Mount Abn ... 
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25-868 
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? 
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The histoty of the cyclone ends with the evening of the 1th, as 
the obBervationa of the 5th and enbaeqaent days shew that normal winds 
were establiahed in Sind, and no further evidence of the existence ai 
the cyclonic whirl is f umiahed by the land obeerrations. 



CHAPTER III. 



DiSCOSBIOH OP TUB HORB IMPORTANT 



T THE StORH of THB 



26te June to the 4th Jolt, 1883. 

The cyclonic storm of the last week of Jnne and the first week of 
Jaly is intoi-esting in aevoml respects. It occurred after the isins had 
fully set in over Bengal, and was of nnnsnal intensity in the Bay for 
a storm of the rains. After it passed into the Central Provinces, it ac- 
quired fresh energy, and advanced slowly across the Head of the Penin- 
sula into Ouzeiat. During this part of its motion, it gave exoessive 
rain, and presented in a marked degree the phenoniena of a soatb-weab 
monsoon storm on land. It was thus one of the most complete storms 
of the rains that has occurred in recent years, and ae sach is deserving 
of careful study. Before discussing its more important features in detail, 
it appears desirable to give a brief connected history of the antecedents, 
the formation, the progress, and the dissolution of the storm. 

The south-west monsoon proper of 1883 commenced a few days 
eariier than usual at the Head of the Bay and in Bengal. The Bombay 
branch of the monsoon current was first felt in force on the Bombay coast 
on the 24th and 25th of June, when strong winds, almost approaching to 
a gale, were blowing, and general rain began and extended to the Central 
Provinces. Very shortly after the commencement of the south-west 
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monsoon proper in Bengal, an atmospheric eddy, or cyclonic vortex, 
formed in the north-west angle of the Bay. It passed through North 
Orissa, Chutia Nagpore, and Soath BehaV into North Behar, where it 
broke np on the 20th of June. This disturbance drew large supplies 
of vapour from the southerly current advancing into Bengal from the 
Bay, which it discharged as rain in unusually large amounts over a 
considerable portion of Central and North Behar, and thus occasioned 
very heavy floods in the Gya, Behar, Patna, Durbhanga, and Mozufferpore 
districts. 

The disappearance of this eddy or whirl was followed by a partial 
break in the rains. The winds, although they continued to blow from 
the normal directions over Bengal and in the south and centre of the Bay, 
fell off in strength. The sky was less densely clouded, more especially in 
Central Bengal and Behar. The air also was drier, and the rainfall much 
smaller in amount and confined to local showers, which fell chiefly in the 
neighbourhood of the hills in North and East Bengal. Whilst this partial 
break in the rains (which commenced on the 20th) held in Bengal, the 
winds diminished in strength pari passu over the north of the Bay. They 
were light to moderate, and rarely exceeded force 3. The weather was 
comparatively fine, and the sea almost smooth. 

The wind observations taken at Nancowry and Port Blair show that 
the south-westerly winds of the centre and south of the Bay, which had 
been very feeble from the 16th, began to increase in force on the 23rd, and 
blew strongly during the remainder of the month. This apparently 
indicated the commencement of another burst of the monsoon. 

It appears to be a general rule that each strong advance of south- 
west monsoon winds and consequent influx of aqueous vapour into Bengal 
commences in the south of the Bay. The winds first strengthen for some 
days in that part of the Bay, as is proved by the wind observations at the 
Ceylon stations and at Nancowry in the Nicobars. The area of strong winda 
then extends northwards. When the advancing strong winds approach the 
Burmah and Bengal coasts, there is a strong tendency to eddying motion 
at and near the front. This incipient vorticose motion may, under 
favourable conditions, develop into a large cyclonic circulation and storm. 

The strong current, in the present instance, advanced northwards along 
the Burmese and Arrakan coasts, and increased the strength of the winds 
at Diamond Island from the 25th, and at Akyab from the 26th. These may, 
therefore, be assumed as the dates of the arrival of the front of the advanc- 
ing mass of air in the latitudes of these two stations. The log of the Pemba 
proves that, on the 27th, the force of the winds off the west Burmese coast 
was very considerable and averaged 9. At the same time that these strong 
winds were blowing off the Burmese coast, the winds at the Head of the Bay 
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were very light and variable, and of average force not exceeding 2. The 
strong advancing south- westerly current was opposed by the line of tho 
Arrakan hills, by the resistancfes due to friction between itself and the 
earth's surface, and by the slower moving air currents to the west. The 
actual effect of the various resistances was to produce a deflection of the 
current to the west in the neighbourhood of the Burmese and Arrakan 
coasts, and a large amount of eddying or rotatory motion in the front of 
the current, and, therefore, also of ascensional motion and its concomitant 
action (in the case of a very humid current), rainfall. Tho energy or latent 
heat given out in the process of condensation, or rain formation, in its turn 
increased the ascensional motion, and the various actions and reactions 
gave rise to an extensive whirl near the Head of the Bay. The existence 
of this was plainly indicated on the morning of the 27th, when winds 
shifted round to north-east over the north-west of the Bay. Very 
heavy rain ("torrents of rain") were then falling over a comparatively 
small area near the Head of the Bay, which became an area of increasing 
barometric depression and of cyclonic air motion. The disturbance 
increased in intensity on the 28th and moved slowly westwards near 
the parallel of 21° N. At 10 A. M. of the 29th, the centre of the 
depression was between the Light Vessels at the Intermediate and 
Upper Gasper stations. It was then travelling with an average velocity 
of about 3 miles an hour. Its rate of motion apparently increased as it 
approached the Balasore coast. 

The storm advanced in a general W. N. W. direction during the 
afternoon of the 29th, and crossed the Balasore coast a few miles 
to the north of the station of Balasore a little before midnight. It 
then apparently marched without change of direction across the North 
Orissa hills, as, next morning at 10 A. M., the centre of the barometric de" 
pression was near to Sambalpore and in the continuation of its line of 
its advance on tho 29th. The disturbance apparently diminished for 
some time, but began to draw supplies of vapour from the Bombay 
branch of the monsoon current, which had been blowing strongly for some 
days previous. In consequence of tho increased energy thus given to it, 
it again intensified slightly and moved almost due westward across the 
Head of the Peninsula at an average rate of about fifteen miles per hour. 
On the morning of the Ist, tho centre was near Seoni, on the morning 
of the 2nd near Indore, and on the morning of the 3rd near Bhuj, 
whence it passed westwards across tho coast into tho Arabian Sea, 
and was a little to the south of Kurraclieo on the evening of the 3rd. The 
wind directions at Kuri'achee and the neighbouring stations indicated 
cyclonic indraught to a centre, to the south-west of Kui'rachee on the 
morning of tho 4th, after which they give no fui'thcr indications of 
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its existence. In the absence of obecrrations, it is impossible to state 
whether it broke np immediately, or passed over tbe whole breadth of the 
Aisbian Sea. 

The following table gives the positions of the centre at the honrs 
stated, from the 27th of June to the dato of itji disappcnrance beyond 
the limits of India in the Arabian Sea : — 



Dat«'. 


Hour. 


Position 


of centre. 


ill 


i 


Latitude. 

N. 


Lon^tnde. 


|l 


June 2Vtli 


( 
( 


Noon. 

4 P.M. 


20° :J0' 
20° 36' 


189= 45' 
89° 35' 


12 


3 


Jnm 28lh 




10 *. «. 
Noon. 
4 p. M. 


21° 0' 
21= 3' 
21= 10' 


88= 45' 
88° 40' 
88= 30' 


62 
13 


3 
3 


June -IStl. 


■1 


10 A. M. 

Noon. 
4 p.m. 


21" 30' 
21° 30' 
21° 35' 


87= 55' 
87= 50' 
87= 30' 




2! 

11 


Juno 301h 


•{ 


10 A. H. 

4 V. it. 


22= 0' 
22= 0' 


84" 0' 

83° 30' 


230 
32 


13 

H 


Jnlj lit ... 


■{ 


10 a. 31. 
4 r. u. 


22= 0' 
22" 0' 


81= 0' 
7»= 45' 


i(;2 

80 


9 
13} 


Julj2nd.... 


■{ 


10 A. u. 
4 f.M. 


22= 30' 
23= ;w 


71J° 0' 
74= 80' 


245 
120 


13} 

20 


Jul; 3ra .... 


■i 


10 A. M. 

4 p. M. 


23= :W 
23° 45' 


liit= 45' 
08= 45' 


308 


17 
11 



The atmospheric whirl wan fully developed on the 27tli and con- 
tinned intact for at least bcvimi dnya. Dmiiij^ the latter jMtrt of its 
existence, it di-ifted ncronH from the coast of Orissa to the coiMt of Cutch 
or Sind, and disappeared and prolxibly broke up in the Anibiiin Sea, 

The following tablo gives the luweut reading of the barometer at 
10 A. H., the average barometric height at the same station, and the amount 
of the groatoflt known barometric depression at 10 a. M. on each day : — 
10 
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June 29tli.. 
Juno 30 th.. 
July 1st ... 
July 2nd... 
July Srd ... 
July 4th ... 



Bay (Sandhcads) 



Sambalpore 



Seoni. 



Indore 



Bhuj 



Kmracheo 



Lowest 

10 A. M. 

bjirometric 

reading. 



29140 
29-353 
29-4G3 
29-410 
29-326 



29-380 



Average 

10 A. M. 

barometric 

height. 

July let. 



29-602 
29-589 
29-624 
29-662 
29-616 

* 

29-589 



Depression. 



•462 
•236 
•161 
•252 
•290 
•209 



Hence the barometric depression at the Head of the Bay was very 
nearly lialf an inch. During its progi-ess overland, the depression • ob- 
served nowhere exceeded -29", and, as two of the stations named in the 
preceding table (Indoro and Bhuj) were at a very short distance from 
the centre, it is almost certain that the barometric depression on land, 
after crossing the Orissa hills, never exceeded three-tenths of an inch. 
The decrease in the amount of the depression was evidently duo to tho 
greater f rictional resistance encountered by the cyclonic disturbance on 
land tlian at sea. 

An interesting feature of the storm was that its centre moved in a 
path which was approximately sti-aight. The general direction of its path 
was N. 83° W. or almost due west. 

The steady march in an almost constant direction across the Con- 
tinent is very striking, wlu3n the varying character of the surface over 
which it passed is taken into consideration. During the first part of its 
existence, it passed slowly over the water surface at the Head of the 
Bay, where the resistance to its motion was a minimum. After cross- 
ing the Balasoro coast, it advanced intact over tho North Orissa hills, a 
very broken and irregular country, the highest points of which are from 
3000 to 4000 ft. high. It then crossed the highlands of Sambalpore 
(wluu-e the hills which rise out from the plateau attain an elevation vary- 
ing from 1,500 to 2,500 feet) and passed over tho comparatively low plain 
of Cliattisgarh, the avei'age height of which is loss than 1000 feet. Thence 
it advanced through the Balaghat, Seoni, Chhindwara, and Betul districts 
of tho Centiul Provinces, which cover tho extensive highlands known as 
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the Satpora plateau, and have an average height of 2000 feet. It thence 
passed across the valleys of the Taptee and Nerbndda and the Vindhya 
Hills into Indore and Malwa* The average elevation of the Vindhyas in 
that portion over which the cyclonic storm advanced is 2,600 feet. From 
Malwa, it passed westwards over the low plains of Gnzerat and Cutcli, 
the highest points of which do not exceed 800 or 900 feet in height, and 
crossed the coast of Sind between Bhnj and Kurrachee into the Arabian 
Sea, where its existence for at least twelve to eighteen hours afterwards is 
proved by the direction of the winds at Kurrachee and the neighbounng 
stations. 

The above briefly indicates the varied character of the surface over 
which it advanced. During a considerable portion of its course on land, 
the average elevation of the country over which it travelled excoodod 
2000 feet. Much of the ground was very broken and irregular 
country, the higher points of which exceeded 3000 feet in elevation. The 
only inference that can reasonably be drawn is that the cyclonic circula- 
tion extended to a height very considerably greater than 2000 or 3000 
feet. Hence it was a cyclone of high elevation, and the cyclonic circu- 
lation near the earth's surface was of comparatively little importance, and 
not necessarily an index or measure of the intensity of the cyclone. 

The chief features of the motion of the storm centre have already 
been indicated in the history of the cyclone. Its very slow motion 
during and for some time after its formation, or from noon of the 27th to 
noon of the 29th, is remarkable. During this interval of 48 hours, its 
rate of motion apparently never exceeded 5 miles per hour, and during 
the greater part of the period it varied between 2 and 4 miles. After 
noon of the 29th, it rapidly increased its speed, and, during the greater 
part of the next 24 hours, moved with a velocity varying between 10 and 
15 miles. When the centre approached the high hills and broken ground 
of North Orissa, it experienced a very considerable retardation. As already 
stated i^vide page 99), it lost energy and shewed signs of disinte'j^'Jitioii. 
The rainfall decreased in amount, the barometric depression was much 
smaller, and the disturbance was diffused over a larger area, alihoup^h 
it was less regular and weaker in diameter. This was, however, followed 
by an increase of its energy due to its di-avving supplies of vapour from the 
Bombay coast. The pi^eceding changes were reversed. During this inter- 
val, the average rate of its motion was about 8 miles per hour. Its velo- 
city increased on the 1st of July, and, during the remaining three days 
of its existence on land, it moved with a fairly uniform velocity of 
about 15 miles per hour. 

Another important feature was the amount and distribution of the 
rainfall during the cyclonic storm. At the liead of the liay, the miufalJ 
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waa torrential in chamcter, more especially in the eastern and southern 
quadnmta. The Bntish Princeas had "torrenta of rain," the Saint Magnus 
■' heavy coctmuons rain, " tho Star of Albion " thick continued mn " the 
Conmullah " very heavy rain," and the Scottish Chieftain " heavy rain " 

Juno 28th to J.lv -].H,-.|. ,1,. motoorological stations situated in the area 
covered by the cyclonic storm daring lis f^isifmiL' <in land :— 



Statione. 



July 1S83. 



Saogor latand . . 

BalaBore 

FhIbo Point 

Cottack 

Sambalpcito 

Buiporo 

Kagpnr .....,.,. 

Jabbolpore 

Pochmarhi 

AmiBOti 

AJcoU 

Indoro 

Noooiacli 

Ahmcdabox] 

Bajkoto 

Bhaj 

Hyderabad 

Sornkchee 

Deoaa 

Uomit Abu 

Ajmore 



018 



0-17 
2i!S 



0-17 
0-OS 



700 
203 



005 

O'oa 



112 
017 



0-21 

i'7a 



0-12 
003 



1-65 

0-7-i 
2-22 
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As the rainfall waa eepocially heavy in Orissa and the Centra! Pro- 
vincee, I give the following table shewing the average district rainfall for 
each day of the period (Jiine 27th to Jnly'Srd) in these two divisions of 
the Empire, and illustrating more fully than the previous statement the 
distribution of the rainfall in a portion of the area covered by the dis- 
turbance. As daily returns of rainfall in Central India and the Bombay 
Presidency are not at my disposal, I am not able to give the corresponding 
data for the western portion of the course of the cyclone. 



s 


t 


nil. 


O'OG 


nil. 


nil. 


0-09 


0-13 


009 


0-01 


ml. 


o-oi 


0-05 


001 


225 


001 


025 


oos 


nil. 


0-01 


071 


0'06 


0-02 


0'02 


0-10 


nil. 


007 


nil. 


O06 


003 


nil. 


nil. 


0-91 


0'04 


o-oe 


nil. 


0-96 


0'07 


O'lB 


nil. 


5-02 


OS. 



r 


Pooroe 


<m™ 


Cuttnok 

Balasoro 


I 




Sambalpore ... 


Chittaegarh ... 


Rainore 








K«BI"«) - 


Bhandara 












g 


Jiibbulpore 








Mnnrtl, 










Nccbaddu 






Ntn-flin^hpore .. 




'xiniar 



The chief peculiarity in the distribution of the rainfall 
trust between the large amounts registered at stations to the 



was the con- 
Bouth of the 
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li no of advance and those received at stations situated to the north of 
the path of the centre. 

The following tables give the average district rainfall in the dis- 
tricts immediately to the south of the centre and those to the north of it 
for the same periods in the Central Provinces, Orissa, and the adjacent 
districts of South-west Bengal : — 



Districts to north of 
centre. 


Total average 

rainfall 

June 27th to 

July 1st. 


Districts in Orissa to 
south of centre. 


Total average 

rainfall 

of the same 

period. 


24- Porgunnahs 

Midnaporo 


2-60 
3-58 


Balasoro 

Cuttack 

Pooree 

1 


8-47 

9-06 

10-80 



Districts in the Cen- 
tral Provinces to north 
of the path of the 
centre. 



Total district 

rainfall 

June 30th to 

July 2nd. 



Bilaspore 

Mandla 

Jubbulpore ... 
Narsinghpore 

Damoh 

Saugor 




Districts of the Central! 
Provinces through Total district 
which the centre rainfall 
passed, or which lay Juno 30th to 
to the south of the July 2nd. 
path of the centre. 



Sambalporo . 

Raipore 

Balaghat 

Seoni 

Chindwara.... 
Hoshangabad. 

Nagpur 

Bhandara .... 

Wardha 

Bctul 

Nimar 



The centre, it should be remembered, passed westwards near the 
northern boundaries of Sambalporo and Raipore and thence across the 
centre of the Balaghat, Seoni, Chindwara, and Hoshangabad districts. It 
wiU thus be seen that the rainfall was distinctly heaviest at some distance 
to the south of the path of the centre, and that the rainfall in the 
northern half of the cyclonic area was barely twenty-five per cent, of the 
amount received in the southei*u half. 
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It is not possible to give similar details for Central India and tLo 
northern districts of the Bombay Presidency. The following table gives 
the rainfall at the nearest meteorological^ observatories to the north and 
south of the path of the centre, and a glance will show that there was the 
same marked contrast between the rainfall in the northern and southern 
portions of the stoi*m area during the latter part of its course, when it 
was approaching the Arabian Sea. 



Meteorological sta- ^^^^j ^j^j^^,j 

tions north of path j^^i ig^toith. 
of centre. '^ 



Indoro 



Neemuch 



Deesa . 
Ajmere. 



Hyderabad 
Kurrachee 



1-92 
116 
2-61 
0-53 

0-38 
2-00 



Meteorological sta- 
tions south of path 
of centre. 



Total rainfall 

July Ist to 

4th. 



Surat 

Ahmedabad 
Malcgaon .. 

Bombay 

Rajkot 

Bhuj 



6-80 
6-43 
417 
1-09 
10-58 



6-82 



The previous peculiarities to a certain extent explain the striking 
contrast between the force of the wind in difEerent quadrants, more espe- 
cially when the storm was advancing over the sea or low ground. This 
lias already lx)en briefly referred to in the account of the meteorology 
of the present storm on the 28th and 29th (vide pages 86 and 93) . It 
was there shown that the Pemba, at a distance of at least 200 miles to 
the south-cast of the centre, had strong south-westerly winds of average 
force 9, which were frequently interrupted by excessively violent squalls ; 
and that the ships and light- vessels, so long as they were in the wes- 
teni and northern quadrants, had winds from directions between N. W. 
and N. E. varying in force from 1 to 5, but that, when they passed in 
to the opposite quadrants, they experienced very violent westerly or 
Houth- westerly winds of force varying from 9 to 11. 

This feature is shewn most strikingly by the anemometric observa- 
tions taken at Saugor Island during the storm, which have been referred 
to in page 95, but are now given in full in illustnition of thib fealui*e : — 
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Wind. 






1 


1 








Dato. 


f 




Weather and Sea. 




W 


1 


1 


llll 




June 28th. 


13 


29-332 


N.N. E 


37 


Sea rougli. Threatening. 




15 


■389 


N.E. 


3a 


Dark gloomy weather. 




17 


■287 


N. N. E, 


45 


Thunder and lightning at 
distance , 




19 


■289! N. N. E. 


48 






21 


■327| N. 


43 


Raining. 




23 


■286 N. W. 


54 


Strong wind. 


Juno 29th.. 


1 


■2041 W. 


53 


Raining. 




3 


■Vie' N. N, E. 


27 






5 


■176 


N. 


37 






7 


■183 


N. 


44 


Sea vety rough. 




9 


■171 


E. 


18 


Dark gloomy weather. 




11 


■166 


E. 


34 






13 


■126 


N. N. E. 


64 






15 


■129 


W. 


5 






17 


■162 


s. 


78 


Sea tremendous. 




19 


■242 


8. 


4G 


Severe gale of wind. 



Hence a prominent feature of this, as of many of the storms of 
the rains in the Bay, was excessively violent westerly and south- westeriy 
winds in the southern and eastern qundrants and comparatively feeble 
winds in the northern and western quadrants. The great inequality 
of the winds in diSerent quadrants in the majority of storms of the rains 
has caused them to bo considered as mere westerly gales by seamen. 
It is, however, now proved beyond doubt that they are cyclonic distur- 
bances in which the winds are rarely violent and dangerous except 
in the south and east quadrants, where westerly and south-westerly winds 
of force 8 to 10 may bo experienced, interrupted by squalls as violent in 
character, so far as can be judged from the accounts of sailors, as are felt 
in the largest and moat intense cyclones of the Bay. 

The following additional illnstrationH are given of the difference of 
the force of the wind in the different quadrants of the cyclonic disturbance. 
It should, however, bo rcmcmbored that it is difficult to explain many oi 
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the differences in the amount of wind recorded at different stations 
apparently similarly situated with regard to the storm. They can only 
be ascribed either to erroneous reading 'of the anemometers by the 
observers at the stations under consideration, or to slight but influential 
differences in the geographical or topographical features of the districts 
or stations in which the meteorological observatories are situated. The 
latter appears to be the more probable explanation. 



28th.. 



29th... 



30th 



let 



I 



2nd 



8rd 



^ 



Stations. 



Sangor Island . . . 



Saagor Island ... 



Seoni 

Jnbbnlporo 
Nagpur 

Seoni 

Jnhbulpore 
Satna , 

Indore 

Joyporo 

Ajmore 

Saugor 

Kurrachoc.. 

Bhuj 

Hyderabad 



■ 


Average 
wind 


•5 


velocity 
during 


*Q 


previous 
24 hours. 


N. N. E. 


80 


B. 


16-0 


N. W. 


60 


W. N. W. 


60 


N. W. 


90 


N. N. W. 


150 


N. N. E. 


80 


E. 


210 


N. E. 


130 


N. E. 


70 


E. N. E. 


50 


N. E. 


110 


N. N. W. 


180 


N. N. W. 


30 


N. 


80 



Stations. 



False Point .. 

False Point .. 

Raipnr 

Guttack 

Saugor Island 
Balasore 

Raipnr 

Nagpur 

Sambalpore .. 
Cuttack 

Surat 

Akola 

Amraoti 

Khandwa 

Nagpur 

Raipur 

Neemuch 

Deesa 



.fa 
P 



w. s. w. 



w. s. w. 



w. 
w. 

S.E. 



S. W. 

w. 

s. w. 
w. 

s. w. 

w. 

w. s. w 

w. s. w 

s. w. 

s. w. 

s. s. w. 

S.E. 



Average 
wind 

velocity 
during 

previous 

24 hours. 



100 



230 



20-8 
100 
190 



200 

110 

1-4 

70 

170 
220 
430 
130 
180 

330 
220 
170 



The contrast between the winds in different quarters is also evi- 
denced by the amounts of wind received at the same station from 
different directions. Thus, at Saugor Island, the amount of wind regis- 
tered for the 24 hours preceding 4 p. M. of the 28th was 192 miles, 
and for the same period prior to 4 P. M. of the 29fch it was 524 miles. 
The wind during these intervals was from N. E. During the next 24 
hours, when southerly winds chiefly prevailed, 776 miles were recorded. 
Similai'ly, at Balasore, 240 miles were registered for the 48 hours pre- 
17 
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ceding 10 A. M. of the 29th, and 576 miles during the succeeding 48 hours 
(with southerly winds). At Bajkot, the amount of north-westerly 
winds during the 24 hours {)recoding 4 p. m. of the 2nd was 272 miles, 
and at Bhuj 390 miles. During the next 24 hours, when south-westerly 
winds blew at these stations, 391 and 760 miles respectively were re- 
gistered. The amount of wind (mainly from N. W.) recorded at Kur- 
rachce for the 24 hours preceding 4 p. m. on the 3rd was 406 miles. For 
the succeeding 24 hours, when easterly winds prevailed, 933 miles were 
registered. 

There are other and less important features, to which it will be 
sufficient to refer briefly. One of these was the comparative smallness 
of the storm area proper. If wo estimate it by the area in which strong 
winds prevailed and heavy rain fell, it almost certainly did not exceed 
250 miles in length by 100 to 150 miles in breadth, at any time during 
its passage across the continent. The smallness of the storm area and 
the slight barometric depression in all storms of the rains are cognate 
features due probably to the peculiar conditions of their formation, as 
cyclones of high elevation. Another feature was the very great irre- 
gularity of the winds. This was shown (at Saugor Island, for instance) 
by intervals of comparatively feeble winds during the middle of the 
storm, and also by the apparent occurrence of much feebler winds at 
stations nearer to the centre than at those at a greater distance. As, 
however, anemometric observations are confessedly not intercomparable, 
it is not possible to establish the fact of this irregularity on such 
evidence. 



APPENDIX I. 



Extract from tlie Log of the F. L. F. Comet, giving observations during 

Stomi of June 27th to SOth. 





• 

w 

8 


Wind. 


Barometer 
rednced. 


Weather. 




1 


• 

o 


« 

2 

o 
4 


Brmarks. 


1-4 
O 

"S 

i 


N. 


29*821 


Thunder. 


Commences with dirty threatening 
weather. Lightning all ronnd the 
horizon. A long heavy swell from 
E. S. E. 3 A. M. Squally with 
passing showers, ugly appearance 
of weather. 

8 A. M. Weather the same. A largo 
circle round the sun. 
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Wind. 








1 


^ 


n 


£ 


CO " 


Weather. 


Bbuabes. 




9 


vs. N. E. 


4 


aD327 








10 


N. E. 


4 


20-327 


Kniniug. 






i: 




StoS 


29'308 








18 
13 
14 


; 


tto6 
6toS 


29-277 
20-268 
20-262 


Thunder. 
Tliunder. 


Noon. Every appcnranco of a cy- 
<;lono. n.'iivy ounfuBod Bcn, »>t.)i 
Bqmilly Tvimthpr, lind pa«siii({ 
Bhowow and thauder. 


i 


IS 






29-241 






i 

■s 


16 
17 
IB 
10 


N. 


S 


29'21G 
20-220 
20-226 
29-a30 


SquaU;. 

Sqoully. 


4 p. M. Wind Bud wonthnr tho sumo, 
ObaurctHl the nVy of dnrk nul 
aiipcnmncc to Lhn BonthwiLnl and 
onatwurd. 




20 




6 


S9'253 


Thunder. 


8 r. M. Wind and wuatbur tbu 




ai 






29'2(]0 




■amo. 




2a 
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4 p. M. Wind and weather the 
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CHAPTER IV. 
Tub Histoht of the Storm ov the 10th to 16th Noyehder, 1883. 
The present storm was generated in the Gulf ot Martaban, after tho 
uorth-eaat monsoon had been established for more than a month over 
the north and centre of the Bay. The rains of the south-west mon- 
Boon terminated prematurely in Bengal in the last week of September. 
It is a well-known fact that the commencement of the north-east 
monsoon on the Coromandel coast is due to the recurvature of the south- 
west monsoon winds over the south and centre of the Bay. The lower 
atmospheric current, which is from south-west in the extreme south, 
at that period changes, through south-east and east in the centre of the 
Bay, to north-east on the Madras coast. The south-west monsooQ current 
of tho year 1883 was uuDBuallj weak, and, when it retreated from Bengal, 
it recurved immediately, and north-east winds were established on tho 
Madras coast in the first week of October. Hence the north-east mon- 
soon rains sot in over tho Madras Presidency a week or ten days earlier 
than usual. They gave general, and unusually heavy, minfall, as is 
Bhown by the following (able of rainfall at eight of the more important 
stations in that Presidency. 

Rainfall at eight stations of the Madras PresiiJeney, October 1883. 
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Rainfall ai eight stations u^lke Madrae PresiJency, Noveniher 1883. 
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The preceding tablo hIiows that rain foil moro or Icsa continnODBly 
during tho wholo of October and until tho 4th of November, after which 
a few flhowers fell until the Otii and 10th, when rain entirely ccoecd for 
Bcverul days. After tlio Ith, tho norUi-caat moiisoou current decreased 
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n fltrcngth, aa is shewn by the following return of the wind obsorvations 
>n tho Madras coast : — 







iBt. 


Sad. 


3Td. 


4th. 


Elh. 


Gtb. 


1 7th. 




Dir. 


1 


Dir. 




Dir. 


1 

•< 


Dir. 


< 


Dir. 


■< 


Dir. 


■< 


Dir. Dir. 


1 


ViinRBpa. 


N8S=E 


85 


N 


2 


N 


1 


N 


8 


N 


S 


NE 


a 


N 


4 NE 


2 


Mn»uli,». 


N5e°E 


G-0 


SKE 


« 


fifi 


9 


ENE 


6 


ENB 


9 


ENE 


1 


NE 


8NNB 


7 


MndrnB. . 


NS*"!: 


C-8 


wsw 


£ 


6E 


G 


SE 


7 


NNB 


6 


N 


c 


N 


6 B 


4 


KiKnpa- 


K37°E 


G'O 


BW 


? 


aw 





WNW 


P 


NE 


? 


SNE 


2 


NE 


4NNE G 



Tho procoding observations show that the north-east winds on tho 
Madras ooast were diminishing in force. It is, therefore, proliable 
that tho Boath-wcst tnonsooa current over tho Boath of tho Bay was 
much weaker, and that, instead of recurving and blowing strongly on 
tho Madras coast, it was continncd over the centre of the Bay as light and 
variable winds. This sapposition is, it will be seen, confirmed by 
tho accounts of tho weather contained in the logs of the vessels navi- 
gating the Bay to tho west of the Andamans at that time. Tho cyclone 
did not commence to form until tho 9th of November, but tho meteoro- 
logy of the Bay on tho 7th and 8th is given to shew the character of the 
weather prior to the storm. 

Itk November. — The barometer wan oscillating at the time slowly 
over the whole of India, and tho distribution of pressure was almost 
identical with that which had obtained for tho previous three or four days, 
and differed very slightly from the normal. A slight rise of tlio barome- 
ter occnrrod during tho previous 24 hours at tho great majority of stations. 
Tho barometric changes were, however, of no importance, Tho barometer 
was highest in Scind and Rajputana, whore the readings averaged 30'Oli", 
and was lowest over the south of the Bay, where, as shown by tho returns 
of Negapatam, Trineomalee, Port Blair, and Nancowry, it was slightly 
below 2995". Tho differences of pressure were hence comparatively 
small over the whole area. 

Tho following table gives the 10 a. m. readiiigH of the barometer. 
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reduced to sea level and for temperature, at the more important meteoro- 
logical stations around the Baj : — 



Stations. 


Barometer 

at 10 A. M. 

reduced to 

sea level. 


Stations. 


Barometer 

at 10 A. M. 

reduced to 

sea level. 


Sanger Island 

False Point 


30-028 
30-028 
30016 
30-014 
30-013 
29-948 
29-951 


Chittagong 

Akvab 


29-994 
29-975 


Gopanlpore 

Vizaeranatam 


Diamond Island 

Port Blair 


29-970 
29-945 


IVfadras 


Nancowrv 


29-943 


Kegapatam 

Trincomalee 


Moulmein 

Hangroon 


29-958 

30-004(?) 

29-956 




Mergui 



The gradients over the Bay were normal in character, pressure de- 
creasing from north to south. The total barometric difference was 
slightly less than nine-hundreths of an inch. The average barometric 
difference between the north and south of the Bay in the middle of 
November is '075". The distribution of pressure over the Bay on the 7th 
was very approximately normal. 

Over the greater part of India, including the whole of Northern and 
Central India and the North Deccan, the weather was fine and skies 
clear. These were clouded in Southern India, more especially on the 
Coromandel coast, where they were generally overcast. Over the 
whole of the Indian land area, winds were normal in direction. North- 
westerly to westerly winds prevailed over the greater part of the Gangetio 
plain, and northerly winds in the Gangetic Delta. Along and near 
the Coromandel coast, north-easterly humid winds were giving mode- 
rate showers of rain. In Burmah, winds varying between east and 
north-east prevailed. The weather in every part of the Indian area, so 
far as can bo judged from the land observations, was of the usual No- 
vember, or cold weather, type. There were no signs of the existence of 
any atmospheric disturbance either in the land or adjacent sea area. 

The only indications of the probable early occurrence of stormy 
weather in the Bay were the lightness and variability of the winds 
over the centre and south of the Bay, and the rapid and steady decrease 
in the rainfall of the Madras Presidency. 
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The following table gives the chief observations taken dnring the daj 
at the stations subseqnontly affected by the cyclone : — 
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The information relating to the state of the weather in the Bay on 
the 7th of November, contained in the logs of vessels navigating the Bay 
at this period, is given in the following statement : — 
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The information respecting the weather in the Bay is very limited, 
and confined to extracts from the logs of five vessels, and to the observa- 
tions at Port Blair, Nancowry, the coast stations, and on board the light 
vessels near the entrance to the Hooghly. 

Three vessels, the Frank Stafford, Parthenope, and Breadalbane, were 
near the Head of the Bay. The weather was fine, the sea Bmooth, 
and winds light and unsteady. These varied between N. E. and N. W. 
in direction, and did not exceed force 4 at any time during the day. 
At Port Blair, the sky, which had been almost clear on tho 4th, 5th, 
and Gth, was clouding over. The air was unusually clear in tho 
morning, but the weather became cloudy and gloomy in tho afternoon. 
No rain fell on this day, nor had any fallen since the 4th. Tho winds 
also wei*e exl reniely light. Only lOOG miles were registered for the 
24 hours preceding 4 i\ M., the smallest amount in 24 hours recorded 
during the month. 

The sk}' had been densely clouded at Nancowry for some days past, 
and rain in modenite amounts liad been i^ecorded on every day. On 
the 6lh -02 inch fell with S. S. W. winds. During the first throe days 
of the month, the winds were from south-east, the normal direction 
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in November, when the south-west monsoon is recurving over the centre 
of the Bay, and giving north-easterly monsoon winds and rain to the 
Coromandel coast. The amount of wind rfigistered at Nancowry on each 
day of the first week of the month, is given in the following table : — 





Total wind 
amount of the 
24 hours previ- 
ous to 4 p. M. 


Rainfall at 

6 p. M. of the 

preceding 24 

hours. 


Wind direction 

10 A. M. 


Ist 

2nd 

3rd 


46-7 
88-2 
44-0 
19-5 
18-8 
171 
125-4 


0-47 
0-21 
2-86 
0-41 
0-96 
0-62 
1-14 


S. E. 
S. E. 

lli. o. Ti. 


4th 

5th 

Gth 

7th 


s. w. 

s. w. 

s. w. 

s. s. w. 


Average October 

„ November ... 


149-7 
117-2 


• • • 

• ■ • 


S. 50° W. 
S. 29° E. 



This shows that, in consequences of atmospheric actions, the nature 
of which can only be conjectured, the air motion over the south of the 
Bay was unusually and remarkably feeble during the first week of tho 
month. The moist current advancing northward, instead of curving 
through south-east and east and arriving as north-east winds charged 
with vapour on the Coromandel coast, was exceedingly weak for some 
days in the neighbourhood of the Nicobars. It had also shifted in direc- 
tion on the 4th, and was proceeding from tlie south-west directly into the 
Martalmn Gulf. Rain also began to fall in increasing amounts over 
this and the adjacent parts of the Bay. 

The ship Mount Stuart was advancing northwards, a little distance 
to tho west of tho Andamans. She was in Lat. 11° 50' N. and Long. 91° 50' 
at noon, and during the day had very variable winds commencing^ 
from N. E. by N. and ending at S. The weather was fine, but the 
air was cliarged with moisture. This is shown by the fact, noted by tho 
Captain, that, during the hotter part of the day, when there is undoubted- 
ly much upward movement of the air, heavy rain clouds formed all 
around, but cleared away again towards sunset. 

The Kwang Tang, on the other hand, was to the east of the Andamans 
in Lat. 12^ 33' N. and Long. 93° G' E. She had fine woatlier throughout, 
with light and variable winds during the day of force 2. The wind 
shifted from S. E. to N. E. and thence to S. W. during the day. 
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Hence, so far as can be judged from the various meteorological re- 
turns, light winds and fine weather prevailed over the greater part of the 
Bay. The usual change in the direction or recurvature of the south- 
west monsoon current (which gives a feeble cyclonic circulation to the 
air over the centre and south of the Bay) was not only much weaker 
than usual, but was suspended over a part of the area in the neighbour- 
hood of the Nicobars and Andamans, where very light unsteady winds 
had prevailed for the previous two or three days. There is, however, no 
eWdonce in the meteorology of this day of the existence of any local 
cyclonic cii'culation, such as might form the initial stage in the develop- 
ment of a cyclonic disturbance or storm. 

The observations at Moulmein and Mergui confirm the previous 
statements, and prove the existence of light variable winds, chiefly from 
the east and north, on the east coast of the Martaban Sea. 

^th Novemher. — During the preceding 24 hours, a rapid fall of the 
barometer had taken place in the Punjab. The amount of the fall was 
•26" at Mooltan, '13" at Quetta, and '12 " at Dera Ismail Khan and Lahore. 

It will be seen from the meteorology of the 9th and 10th that this 
fall was the first indication of the occurrence of a cold weather or north- 
east monsoon storm in Upper India. It is during these storms that a 
large portion of the snowfall of the higher Himalayas takes place. In 
consequence of this rapid fall, pressure was lowest over the Punjab. 
Sudden and large changes of pressure are a frequent feature of the cold 
weather in the Punjab. It is not yet quite certain whether the forma- 
tion of these Punjab areas of low pressure commences simultaneously 
over the Western Punjab and the adjacent districts of Afghanistan or 
Belochistan. This appears to be the most probable explanation, but it is 
not unlikely that some may occasionally form much further to the west, 
and pass through Afghanistali or Belochistan into the Punjab or Sind. 
It will, however, presently be seen that this considerable disturbance in 
the Punjab exercised no appreciable action on the atmospheric circulation 
in the Bay of Bengal. 

The distribution of pressure was somewhat complicated over India 
itself. Pressure was lowest in the Indus Valley. A broad band of high 
pressure stretched down the middle of India from Ajmere to Secunder- 
abad, whilst pressure was approximately uniform over the Bay. 

The changes of pressure were not accompanied by any immediate 
marked change in the wind or weather. Skies were clear, and weather fine 
and dry over all parts of India, except South Burmah and Southern 
India (more especially the Coromandel Coast), where skies were overcast 
and occasional showers continued to be received. The amounts which fell 
at the various rainfall registering stations were very small. 
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The only olteratioa in the wind directione that doservea notice 
occorred at Diamond Island and Akyab, where the wind had shifted 
round to south-east. This of coarse indicated the further northward 
extension of the sonth-weat monsoon cnrrent which had commenced on 
the 4th at Nancowry. 

The following tabic gives the 10 a. k. rednced barometric readings 
of the recording stations on the coast of the liay : — 



Stations on west coast of the Bay. 


Stations on east coast of the Bay. 


Stations. 


Barometer 

10 A. M. 

rednced to 
sea level. 


Stations. 


Barometer 

10 A. M. 

rednced to 
sea level. 


Sanger Island 


29977 

29-983 
29-976 
29-983 
29-978 


Chittagong 

Akyafa 

Diamond Island 

Moulmein 


29-953 


Viz^apatam 

Madras 

Negapatam 


29-930 
29-928 


Nancowiy 


29-922 



The differences of prossore along the west coast were mnch smaller 
than on the 7th, and pressure was very approximately nniform. It was 
slightly tower at the east coast stations, bnt, even there, the differences 
were extremely small. 

The following table gives the 10 *. m. obeervationa at stations in 
the neighboarhood of the area in which the storm was generated : — 







1 


H 


Wind direction. 


HA 




at 






m 


XO A. a. 


4 p. H. 


i-::- 


Waathor. 


PorlBlfiir 

DinmoTid laUad 

Akyab 

ChitMgong ... 

S="...:;;::; 

Rwwoon 

Merffoi 


29-9SS 

29-93C 
20-930 
29-930 
2n-063 
20-980 
29-941 
29-065 
29-it28 
20'9G6 


z 


021 
009 
040 
04& 
041 
Oil 
036 
039 
030 
000 


s. w. 

W. 8, W 
E. B.E. 

8. S. E. 

N, 
S. W. 
8. E. 

B. 
8. E. 

E. 


8. W. 
W. S. W. 

B. 

r 

E. 8. E. 

8. E. 
8. 8. E. 
8. 8. E. 

N. W. 
S. 


13 

2 
2 
S 


10 

10 
6 

10 
10 
10 
7 

10 


114 

0'18 
B-35 

0-16 

.. 

0-10 
0*1 

0-25 


ThandBP. 

Showery. 
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TIkj information relating to the meteorology of the Bay on the 8th 
is given in the following table ; — 



Vessels. 



llonr. ^ • 



Mount Stuart 'i> A. M. 



Noon 



Scottish nni 



Kwang Tung 



Frank Staf- 
ford. 



Brcadalbano 



Parthenope 



4 p.m. 



Midnt. 



Noon 
4 p.m. 
8 p.m. 
Midnt. 

4 a.m. 
8 a.m. 
Noon 
4 p.m. 
8 p.m. 
Midnt. 

4 a.m. 

o A. M. 

Noon 

8 p.m. 

Midnt. 

Noon 



IS 

c 
o 



12*^ ir 



p o 

""A 

3 -ts >h' 

et <x> o 
P fl S 



92° 00': 29-925 



12° 31' 89° 25',29-920 



29-900 

29-901 
-92G 

15° 11' 92° C -893 

•901 
•871 
•903 



20° IG' 



21° 00' 



Noon 



Midnt. 



21° 2' 



Winds. 



Dir. 



Force. 



S. to W. 2 to 3 



W to SE. 



WtoNW 



lto2 



2to4 



E.toW. 



90° 28' 29-975 



88° 18 



29-975 



88° 52' 29-975 



N. W. 
N. W. 
N. W. 

N. W. 

N. W. 
N. W. 

NW by N 

North. 

N. N. W. 
N. N. W. 
N. N. W. 

N. 



1 



1 

2 
2 
2 

4 to 5 
do. 
do. 



2 
2 
1 




N. W. . gentle. 
N.byE. 



Rbmabes. 



Sea smooth. Passing 
showers during day. 
Heavy black clouda 
all round, with mo- 
mentary puffs from 
N. W., and smart 
showers towards mid- 
nijjht. There waa 
lightning in the N. W. 
during the morning. 
Midnight. Weather 
was a little squally. 



Light airs and calms. 
Wind very variable. 
Sky dull lead colour. 



Smooth sea. 



Fine weather, smooth 

sea. 
Very sharp lightning 

in the S. E. during 

the night. 



Sunrise. Moderate 

breeze from N., dying 
away in the afternoon 
to a calm. 

A. M. Light breeze, 
fine and clear. 8 a. M. 
Moderate breeze and 
hazy. Noon. Less 
wind, current setting 
west. 4 p. M. Light 
airs. 8 p. M. Calm. 
Midnight. Gentle 

breeze and clear. 
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The Nancowry retums prove that the south-west winds in the neigh- 
bouring part of the Bay began to increase in strength. The sky was 
overcast during the day, and 1* 14 inches df rain were registered for the 
24 hours preceding 1 p. m. The wind during the previous night had 
shifted round to W. S. W. at Port Blair, and blew steadily during the day, 
and somewhat more strongly than on either of the previous two days. The 
sky had clouded over, and rain in small Amounts began to fall. '18 inch 
was recorded at 4 p. m. 

The weather was slightly disturbed in South Burmah. Passing 
showers fell during the day, and thunderstorms occurred in one or two 
cases. East-south-east winds set in at Diamond Island and at Rangoon. 
In the interior of Burmah, winds were not so steady as they had been 
previously. The sky was overcast at Mergui, winds were light and 
variable, and veered from east to south during the day. 

The prevalence of S. W. winds at Port Blair and Nancowry, and of 
E. and S. E. winds at the Burmah stations, shews that there was on this 
day no well-defined cyclonic circulation, or centre of large disturbance, in 
the Martaban Gulf. 

The logs of the vessels in the Bay for the day indicate that similar 
conditions obtained to those of the preceding day. 

The Frank Stafford, Parthenope, and Breadalbane were at the Head 
of the Bay near the entrance to the Hooghly. They experienced fine 
weather, light winds and calms, and a smooth sea. The Kwang Tung 
had steamed to the north-west during the previous 24 hours, and was 
in Lat. 15° 11' N. and Long. 92° 6' E. at noon. Her log shows that 
there was no perceptible current in this part of the Bay at this time, 
an almost conclusive proof of the absence of any strong atmospheric 
cyclonic circulation in the neighbourhood. The ships Mount Stuart and 
Scottish Hill were a little to the west of the Andamans. The former 
was in Lat. 12° 17' N. and Long. 92° E. Her log states that the sea 
was smooth, but that the weather was becoming unsettled. She began 
to experience puffs or slight squalls from the north-west. The sky 
during the day was covered with dense black clouds, and occasional 
showers feU, which became heavier and ** smarter " as the day advanced. 
The winds were very variable, veering from S. through W. thence to S. E. 
and back to W. and N. W. The log of the Scottish Hill, which was 
about 180 miles to the west of the Mount Stuart, gives similar informa- 
tion. The winds were very light and variable, veering round the 
compass, the sky was heavily clouded, and the weather dull and gloomy. 

Hence the various observations indicate the continuance and slight 
development of the conditions which, according to our experience of the 
meteorology of the Bay, precede the formation of cyclonic storms. On 
the other hand, they give no evidence of the existence at this time of a 
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cyclonic circulation in the Martaban Gulf. South-westerly winds were 
increasing in force over the south-east of the Bay, and were being con- 
tinued much further north thali is usual in the month of November. To 
the west of the Andamans, winds were exceedingly light and variable, 
and such as to show that the south-west winds advancing north- 
wards were not being continued in that direction near the earth's surface. 
The clouding over of the sky, the commencement of showers increasing 
in intensity and accompanied with slight squalls, indicate clearly that 
ascensional movement on a large scale was commencing over that area, 
and giving rise to its usual result when it is partly fed and maintained 
by a moist current, namely, rainfall increasing in intensity, which, by a 
known law of rainfall, tends to become concentrated over a limited area. 

9th November, — There are no new features of interest in the mete- 
orology of the Indian land area. Pressure continued to give way in all 
parts of India. The decrease was greatest in Sind, Rajputana, and the 
Punjab. The area of barometric depression over the Indus valley was 
now very distinctly marked. It had as yet exercised no marked 
influence in the weather of Upper India. The winds were, however, 
drawing round in the Punjab and neighbouring districts, and indicated 
a feeble cyclonic air circulation over Upper India. The ascensional 
movement which necessarily accompanied it, had not given rise to the 
formation of cloud, except over the North- Western Himalayas. 

Over the whole of Bengal and the North- Western and Central Pro- 
vinces, the air motion was very slight, averaging only 1 to 2 miles per hour. 

In Southern India the weather conditions were unchanged. Cloudy 
skies continued in the Madras Presidency, and a few occasional showers 
of no importance were received. 

The observations at the coast stations of the Bay of Bengal present 
the same features as hitherto. The baric gradients were apparently 
normal in direction, but somewhat smaller than usual, and the differences 
of pressure comparatively small. The most important feature was the 
weakness of the north-easterly winds on the Coromandel coast. This is 
shown by the following statement : — 



Stations. 



Vizagapatam 
Masulipatam 

Madras 

Nogapatam 
Tricliinopoly 
Madura 



Amount of wind, Average daily 
in miles per hour amount of wind 



since 10 


A. M. 


(miles per hour) 


previous 


day. 


in November. 


2 




2-5 


2 




6-0 


5 




6-8 


3 




5-6 


1 




4-6 


3 
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The information respecting the veather 
meagre. 

The following are the obeervations taken at the land obaervatories 
the neighboorhood of the cyclonic diHturbance : — 





m 


It 
■321 


Wind.ir..tion. 


m 


1: 

"a 


2^ 




Statioiu. 


10 A. H. 


4 p.m. 


Weathpr. 


Port Blair .'.'.'.'.' 

Toanghuo 

BMaoin 

Rangoon 

Monlmoin 


20-m 
23-fm, 

2U'9O0 
29021 

29-024 

M'ftt2 
211S9S 


— ■025 

— ■(n-i 

— ■030 

— ■032 

— -107? 

-■017 

— ■023 

— -030 
+ -030? 


s. w. 

E. 8.'b. 
E. N.B. 
N. W. 

B. 8.E. 
E. S. E. 

N.E. 
8. 8. E. 


8. W. 
W. 8. W. 

B. 8. E. 
N. N. W. 

N. W. 

8. E, 
S. S. E. 
E. 8. E. 
S. S. E. 


a 

7 

10 

1 
t 

e 

4 
2 
2 


9 
9 
E 
S 
10 

10 
10 
1 

10 


2-OS 
017 
1-41 

1-io 

0^17 
0'89 
0-71 


Gloomy. 

Fino." 
Thandor 

Gluomy. 
Showery 
ahowory 
Gloomy. 





The NanoowTj retnme shew that a fall of '03' had occnired in the 
barometer. The winds were slightly stronger, but were only blowing 
with an average velocity of 8 miles per honr, the normal rate at that 
station in November. The sky was overcast, and rain continued to fall 
in moderate amonnts. 2-02 inches were registered for the 24 hours pre- 
ceding 10 A. H. 

Heavy rain was apparently falling at this time to the north-east of 
the Nicobars and to the east of the Andamans. There is no direct evidence 
of this statement. The first indications, however, of cyclonic motion are 
presented by the Port Blair observations of this day. The barometer was 
falling at that station, the sky was, aa on the 8th, densely cloadod, and 
heavy rain began to fall in the afternoon and evening. The wind shifted 
rennd to west at 10 a. h. and to W. S. W. at 4 f. h. On the opposite 
coast of the Martaban Onlf, the sky was overeast, but little rain fell. In 
South Bunnah, the weather was fine with passing clouds, which gave 
occasional showers. The sea was slight at Diamond Island. Hence the 
evidence is fairly complete that there was, as on the 8th, no definite cyclonic 
circolation, although there were slight indications of its commencement. 

The shift of wind at Port Blair, and the occnrrence of rainfall with 
aqnalls to the west of it, render it almost certain that the usual actions, 
which initiate the formation of an atmospheric whirl on a large scale, 
were now commencing. The meteorology of the 10th will show that 
the formation probably proceeded slowly during the afternoon and uight 
of the ilth, but afterwards with increasing rapidity. 
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The meteorological information relating to the weather in the Bay 
of Bengal on the 9th, extracted from the logs of vessels, is tabulated 
below : — 



Yessel. 


Hour. 


• 


rS 

■4^ 


1 • 


Winds. 


Bemabks. 


l» 


*g)W 


I»l 










J 


J 


£•00 


Dir. 


Force. 




Scottish Hill 


Noon 


13**!' 


89^*42' 


29-920 


N.W. 


1 


Light airs and calms. 




4 p.m. 








W. 





Very sultry, clouds in 
light masses. 




8 p.m. 








N. N. W. 





Sky dull lead colour. 




Midnt. 






•890 


W. 


2 




Moant Stuart 


Noon 


13*^8' 


92° 2^ 


29-875 







Sky overcast with 
heavy cloud r all 




8 P. M. 








N.E. 


lto3 


round. Weather un- 
settled. There was 




Midnt. 








E. S. £. 


lto2 


a good deal of light- 
ning in the sky this 
morning and towards 
midnight, mostly in 
the N.W. Midnight. 
Weather showery. 


Kwang Tung |4 A. u. 






29*924 


N.E. 


6 






8 a.m. 






•911 


N.E. 


6 


Current during the 24 




Noon 


irsr 


90° 20' 


•936 


N.E. 


6 


hours, S. 12°E. 15 miles. 




4 P.M. 






•883 


N.E. 


6 


Sea smooth. 




8 P.M. 






•856 


N. 


6 






Midnt. 






•891 


N.E. 


6 




Satara 


Noon 


Anoho 
at Go 


red 
paal- 


29-950 


E. by N. 


2 


Light breeze and fine 
clear weather. 




4 P.M. 


pore 


Roads. 


•840 


• • 1 


1 


Light airs and fine. 




8 p.m. 






•880 


• • • 


1 






Midnt. 






•870 


NEbyE 


8 


Gentle breeze and fine. 


Frank Staf- 


4 a.m. 








N. 


2 




ford. 


8 a.m. 








• • • 


2 


Fine and smooth sea. 




Noon 


21° 03' 


90° 10' 


29935 


• • • 









4 p.m. 








N.W. 


2 




Parthenope 


Noon 


Near 
Sand 


the 
heads. 


29-930 


N. 


Moderate 


a. m. Light breeze 
and clear. Noon. 
Moderate breeze and 
hazy. 


Breadalbane 


Noon 


Near 
Sa,nd 


the 
heads. 


29-935 


N. 




Calms and light airs 
from north through- 
out. 




4 p.m. 








N. 


1 


Sea smooth and smart 
showers in the latter 




8 p.m. 








Calm. 





part of the day. 
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The Parihenope and Breadalbane, near the Sand Heads, had light 
airs and calms during the day. The ship Frank Stafford (in Lat. 21° 3' N. 
Long. 90° 10' E.) experienced gentle northerly winds with fine weather 
and a smooth sea. 

The S. S. Kwang Tung had advanced 200 miles to the N. W., and 
was at noon in Lat. 17° 37' N. and Long. 90° 20' E. She experienced 
steady north-east winds of moderate force (5) daring the day. The 
ships Mount Stuart and Scottish Hill were proceeding very slowly up 
the Bay, and had only made about 50 miles during the 24 hours preceding 
noon. The former was in Lat. 13° 8' N. and Long. 92° 2' E., and ex- 
perienced similar weather to that of the preceding day. The sea was 
smooth as hitherto. The sky was covered with dense clouds, and heavy 
showers fell, more especially in the afternoon. The Scottish Hill was in 
the same latitude, but 160 miles further to the west. She had calms during 
the greater part of the day. The weather was very sultry. The air was 
apparently almost saturated with moisture. The sky was covered with 
clouds, and had an ominous appearance suggestive of bad weather. 

The observations of the 9th shew that no atmospheric whirl had 
been initiated as yet in the Gulf of Martaban. Several of the con • 
ditions necessary for the formation of a cyclonic disturbance were pre- 
sent. Winds were light and variable over a considerable portion of the 
Bay. A strong humid current was advancing over the south of the Bay 
into the Gulf of Martaban, and was giving moderately heavy rain in 
the neighbourhood of the Andamans and Nicobars. The rainfall had 
hitherto been too diffused to initiate a large cyclonic disturbance. It 
was, however, increasing in amount, and becoming more concentrated in 
character, the one additional condition now apparently required for the 
establishment of a large atmospheric whirl. 

10th November, — During the previous 24 hours, a further barome- 
tric fall occurred throughout the greater part of India. The fall was not 
so general as on the 8th and 9th, and was much smaller in amount. 
Pressure was very considerably below the normal over the whole coun- 
try. The distribution of pressure was generally similar to that which 
obtained on the morning of the 9th. The area of lowest pressure in- 
cluded the south-western districts of the Punjab and Rajputana, over 
which there was a distinctly marked cyclonic circulation of the air. In 
the south of the Punjab, cloud had formed to a considerable extent, whilst, 
in the north-western Himalayas, thunder-storms with rain had occur- 
red over the lower ranges, and snow had fallen on the higher ranges. 

In the North West Provinces, Bengal, the Central Provinces, Central 
India, Bombay, and the northern districts of Madras, the sky was, as 
it had been for some time, clear, and the weather fine and settled, but un- 
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nsnally dry for the eeaaoa. The eky was cloaded on the Madras cout, 
but min had now ceased to fall, as is shewn by the data given in the table 
on p. 130. The winds on th€ Madias coast were approiiinately normal 
in direction, varying between N. and N. N. W., bnt were nnnenally weak. 

Hence the effect of the defieziou of the Bonth-weat monsoon cnr- 
rent from ita nsoal eonrao at this time, which had been previonsly indi- 
cated by the light winds experienced by the Mount Stnart and Scottish 
Hill to the west of the Andamans, had now extended across the centre of 
the Bay to the Coromandel coast, over the whole of which area light 
unsteady winds were blowing. Pressnre was very nniform ronnd the 
north and west coafits of the Bay, as is shown by the following :^- 

Sangor Island 29-929 I Vizagapatem 29-957 

False Point 29'951 | Madras 29-960 

The following table gives the observations at the land stations for 
the day — 





2S 


S|. 


Wind direction. 


m 

|s.2l 




|<3 




Btationa. 




10 A. K. 


4 p.m. 


Woather. 


NanoDwry 

Port Blnir 

Diftroond IilMd 
Chittagong ... 
Tounghoo 


29-856 
29-860 
29-917 

29-91B 
29'905 
29-917 
29-920 
29-871 


+ 
+ 


041 
044 
017 
006 
032 F 
007 
023 
037 


8. W. 

N.N.W. 
E. 8.E. 

N. 
H.W. 
N. E. 
N. B. 
E.N.E. 
E. S. E 


S. W. 
W.N.W. 
E.S.E. 
N. W. 
N. W. 

s. s. . 

E. 8.E. 

S. E. 

E. 


8 
12 


9 
6 
10 
G 
10 
10 
8 
8 


I-IG 
0-30 
0'ii& 

0'22 
0-18 
0-85 


Bhowciy. 

Gloomj. 

Gloomy. 

Fine. 

Gloomy. 


Enogoon 

Monlmem 


Bhawory. 
Showory 
Gloomy. 















The preceding observations eetablish that a considerable fall of 
the barometer had taken place dnring the previous 24 hoars. The f^ 
amonnted to -04" at Nancowry and Port Blair, -03" at Monlmein, and 
-02" at Bangoon, and was greatest at Port Blair. Westerly winds 
of the same average strength as on the 9th had prevailed dnring the 
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previoiiB 24 honn at Nancowiy. The sky was densely clonded and mode- 
rate rain was falling. 1*16 inches of rain were registered at 10 A. M. At 
Port Blair, the wind had shifted round to north-west, but was not as yet 
blowing strongly. Bain was falling, bnt the amount registered np to 
10 A. M. of the 10th was small. In Sonth Bnrmah, the sky had become 
overoast, and the weather gloomy and threatening, more especially at 
Diamond Island and Toungoo. Less rain, however, fell on the Bormah 
coast than had been received on the previous day. It thus again appears 
probable, if not certain, that the rainfall was becoming more concentrated 
over a smaller area than hitherto, a favourable, if not a necessary, condi- 
tion, according to the condensation theory, for the development of an 
atmospheric whirl. 

These observations also show that cyclonic circulation had been 
initiated, and was now established over the centre and north of the Oulf 
of Martaban, and the adjacent part of the Bay ; and that the central de- 
pression or centre of disturbance, as determined by the fall of the baro- 
meter, the amount of rain, and the velocity of the wind, was nearest to 
Port Blair, and to the east of it. 

Hence it is evident that, although the conditions for the formation 
of a whirl had been present for some days, it was only on the 10th that 
the meteorological observations at the nearest land stations gave clear 
indications of its existence. 

The information contained in the meteorological abstracts from the 
logs of vessels is tabulated below :— 



Vessel. 


Hour. 


Latitude. 

N. 


• 

1 . 


• • 

eg 


Winds. 


SlMABKS. 


r 


Probab 
dnoed 
meter 


Dir. 


Force. 


Scottish HiU 


4 a.m. 








N. 


1 


Light airs and calms. 




8 a.m. 








N. B. 


1 


Winds very variable. 




Noon 


i2r 31' 


89° 40' 29-910 


N.W. 


1 


Light airs and calms. 




4 p.m. 








N. N. W. 


2 


SqneJly and dirty. 




8 p.m. 








N.N.E. 


8 


Arched rain squalls. 




Midnt. 






•890 


N.W. 


8 




Monnt Stuart 


4 a.m. 








N. B. 


ItoO 


Sea moderate with 
light westerly swell. 




8 a.m. 








... 


3to4 


Light fleecy donds. 
Lightning in the N.W. 




Noon 


13° 65' 


91° 81'!29-866 


... 


... 


Towards the after- 
















noon, weather began 




4 p.m. 








... 


4 


to be squally. At 
sunset, sharp squalls 




8 p.m. 






'805 


... 


... 


and squally -looking 
all round. Midnight. 


'Midnt.l 






E. byN. 


... 


Showery. 
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Vessel. 



Satara 



Hour. 



4 a.m. 



8 a.m. 



Noon 






Kwang Tung 



Frank Staf- 
ford. 



Ghanda 



Mahratta ... 



Farthenope 



4 p.m. 
8 p.m. 
Midnt. 
4 a.m. 

o A. M. 

Noon 

4 p.m. 

8 p.m. 

Midnt. 

4 a.m. 

Noon 

Midnt. 

Noon 

4 p.m. 

8 p.m. 

Midnt. 

4 p.m. 

8 p.m. 
Midnt. 

Noon 



ir 56' 



20** OC/ 88** 49 



§ 
1^ 



88° 45' 



III 



29-870 
•940 



•890 



Winds. 



Dir. 



4 p.m. 



21° 16' 



Hnglil yRivor 



89° 20' 



Passin g San 
gor Island 



Passing San 



gor 



Island. 



•810 
•860 
•860 
29*942 
•899 
•920 
•869 
•904 
•934 

29-915 



29-910 
•830 
•870 
•910 

29-820 

•900 
•920 

29-915 



N. N. E. 

E.N.E. 

NEbyE. 



N. E. 

B. by S. 

E. N. E. 

N. E. 

N. 

N. 

N. 

Calm. 

Calm. 

N. N. W. 



E.N.E. 

E.N.E. 

Calm. 

E. 

E. 



N.N.E. 
N. 



Calm. 



Force. 



3 
3 



2 
2 
2 



2 

4 




2 



SlMABKS. 



Fresh breeze and fine. 
Moderate breeze & fine. 

Fresh breeze and fine 
thronghont. Current 
during previous 24 
hours, north 4 miles. 

Moderate breeze and 
fine. 

Light breeze and fine 

clear weather. 
Same wind and weather. 



Current S. 32° E. 

24 miles. 
Sea smooth. 



Fine, and smooth sea. 
Lightning during the 
night. 



Fine weather. 

Clear sky but slightly 
hazy. 

A. M. Light breeze and 
hazy weather. 



p. M. Wind unsteady 
with gusts and calms. 
Midnight. Wind 

north and light. 



1884.] of the Bay of Bengal in 1883. 147 

The observatioiiB given in the ships' logs, althongh not nnmerons, 
confirm the information of the land observations given above. 

The Frank Stafford and Kwang Tung/north of Lat. 20° N. and near 
the Head of the Bay, met with light northerly winds or calms and a smooth 
sea. The Mount Stuart and Scottish Hill were passing very slowly up 
the Bay at this time. The former was in Lat. 13° 56' N. and Long 91° 
31' E., and observed several of the evidences of cyclonic formation in 
its neighbourhood. The area of heavy rainfall, as already noticed, had 
contracted. This explains the fact mentioned in her log that in the 
morning there were only a few light clouds in the sky. The weather, 
however, rapidly changed during the day, and became squally in the after- 
noon. Sharp sqaalls were experienced at sunset. The barometer was also 
falling rather rapidly. Winds were from north, and increased in strength 
from 1 to 4 during the day, indicating the rapid increase of indraught. 
The Scottish Hill was 120 miles further to the west, and had winds 
ranging between N. E. and N. W. during the day. They were very 
light and variable during the earlier part of the day, but the weather be- 
came squally towards the evening, and arched rain squalls passed over 
the ship at 8 P. M. The Satara, which was passing from Gopalpore 
to Rangoon, was in Lat. 17° 56' N. and Long. 88° 45' E. at noon. The 
winds varied during the day between N. N. E. and E. N. E., but 
decreased in strength during the afternoon. She experienced light 
breezes and fine clear weather throughout the day. The Chanda and 
Marhatta left Saugor in the evening, and had fine weather and a clear 
sky. 

Hence, except in the neighbourhood of the Andamans, weather was 
fine. A definite cyclonic circulation had been established to the east of 
the Andamans between 10 A. M. of the 9th and 10 A. M. of the 10th. 
The area of rainfall had for some time contracted, and the rainfall had 
intensified over the diminished area. Winds of indraught had hence 
been established, and were increasing in force. This proceeded slowly at 
first, but, during the evening of the 10th and morning of the 11th, it went 
on more rapidly, and there was a perfectly well-defined cyclonic circulation, 
or large atmospheric whirl, established in that part of the Bay on the 
morning of the 11th November. 

11th November, — During the previous 24 hours the barometer had 
risen rapidly over Northern and Centrallndia. The increase of pressure 
was due to the filling up of the depression in the Punjab and neigh- 
bouring districts. The rise of the barometer at Peshawar and Rawal 
Pindi was '2". The depression had given a large amount of rain over 
the Punjab, and stormy weather over the north-west Himalayas, on the 
higher parts of which much snow had fallen. Amongst the heaviest rain- 
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falls during the previous 24 hours were the following: — Simla 2*15 
inches, Peshawar 1*22 inches, and Bawal Pindi 1*20 inches. 

The sky was overcast, tCad the weather unusually cold, in Upper 
India. The winds over a large part of Northern India continued to in- 
dicate feeble cyclonic circulation about a centre in the north-eastern dis- 
tricts of Sind. Over the whole of Bombay (excluding Sind), Bengal, 
the Central Provinces, and Central India, the weather was fine, skies 
cloudless, and the winds blowing from the usual quarter. 

Bound the coast of the Bay, from Saugor Island to Madras, the 
differences of pressure were unusually small. The following statement 
gives the 10 A. m. reduced readings at the more important stations : — 

Saugor Island 29*940 

False Point 29955 

Vizagapatam 29*945 

Madras 29*948 

The winds at the Bengal stations near the Head of the Bay blew 
from directions between north and north-east, the easterly component 
being probably due to the cyclonic circulation in the middle of the Bay. 
They were very light. On the Madras coast, the winds were not only 
more northerly than usual, but were unusually feeble. The data are 
given in the following table : — 



Stations. 



Vizagapatam, 
Masulipatam . 

Madras 

Negapatam , 

Salem 

Madura 



Amount of wind 

in miles per 

hour since 10 

A. M. previous 

day. 




Daily average 
amount of wind 
(miles per hour) 

of November. 



2*5 
60 
6*8 
5-6 
3-6 
41 



Over the Coromandel coast, the weather was fine with passing 
clouds, and rain had entirely ceased. 
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The following table giveB the obserrations taken at the recording 
Btations in the neit^hbonrhood of the dUtnrbance : — 









Wiiiddiroution. 


Hi 

11.1 


Is 

-J 


2.» 




Stationi. 


10 A. H. 


4p. N. 


Weather. 


»„„^ 


23-836 


-■020 S, W. 


8, W. 


12 


7 


2'90 


Fine. 


Port Blair 


B97G0 


— ■090 |W. N. W 


w.a.w 


8 


9 j 8'90 


OrercMt 




29-848 


— ■069 


E. N. E. 


E. N. E. 


12 


10 


1-12 




Chittagong ... 


29'91S 


*-008 


N. S. 


W. N. W. 


1 


8 




Fino. 


Ttrangoa 


20'860 


— ■046 


N. W. 


s.vr. 


P 


10 




Gloom/. 




2B-S6I 
89-9IS 


-068 
— ■007 


N.N.E. 
N. B. 


N.N.E. 
N.E. 


6 

G 


10 
9 


1-24 

0-04 


Ovorcttrt 


Bangoon 


Showory. 




S0-B6G 


— ■016 


N. 


E.S. B. 


2 


8 


©■03 


Fine. 


Mergai 


29-884 


+ •016 


E. 8. E, 


B. 


3 


10 


rso 


OveroMt. 



These observations show that the barometer bad fallen considerably 
at Port Blair, and to a less extent at Nancowry and Diamond Island. 
The cause of this is also evident from the observations. Heavy rain had 
fallen at Port Blair and tbe neighbourhood. Port Blair registered 3'9 
inches at 10 a. h., Nancowiy 2-90 inches, and Diamond Island l'I2 inches. 
The rainfall on the Burmese coast was smaller than on the previoufl 
day. Hence the evidence indicates that the rainfall was more concen- 
trated than hitherto, and was falling mainly over an area near to and 
including Port Blair. This is confirmed by the fact that cyclonic cir- 
culation of the air was now fully established. Winds were S. W. at Nan- 
cowry, E. S. E. at Mergni, E. N. E. at Diamond Island, and W. N. W. at 
Port Blair. They were increasing in force rapidly, but were as yet of 
moderate strength. The wind directions indicate that the centre of the 
cyclonic circnlation was to the east- north- east of Port Blair. It is not 
possible to infer its position with any approach to exactness from the 
observations, but we are probably not far from the truth in placing it in 
Lat. 13° 30' N. and Long. 94" 15' E. 

As the vessels which have contributed meteorological data were all 
to the west and north of tbe Andamans, they only fnmish information 
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of the weather in the outer portion of the north-west quadrant of the 
cyclonic circulation. 

The following table givetf the whole of the information contained 
in their logs respecting the weather in the Bay on the 11th : — 



Vessel. 



Hour. 



cd 



Scottish Hill 



Mount Stuart 



4 a.m. 
8 a.m. 
Noon 

4 p.m. 



® 

•aw 



o 
u 

o 

o 
u 

Ph 



i. 

is 



Winds. 



Dir. 



14^08'90° 33'i29-850 



Sp.m. 
Midnt. 
4 a.m. 
8 a.m. 
Noon 
4 p.m. 
8 p.m. 

Midnt. 



15° 80' 



Bjculla 




Force. 



4 
4 



•870 



91° 06' 



29-820 
•750 
•810 



Bemabks. 



N. N. W. 

N. 

E.N.E. 

E. by N. 

NNB toE 

N. E. 



N.byBto 
N. by W. 



4 a.m. 
8 a.m. 

Noon 16° OO' 
4 p.m. 
8 p.m. 
Midnt. 



2 
5 

2 to 3 

■ • • 

3 to 5 



29 



91° 10* 



880 
890 

840 
770 
770 
740 



N. B. 
E.N.E. 



Squally. 



Dirty rain squalls. 

No sea. 

Heavy rain squalls and 

bail. 
Cloudy, gloomy sky. 

6 p. M. Heavy sweU 

from N. E. 
Scud from N. E. and 

N. N. E. 
Wind shifting in squfJls. 

A. M. Moderate in the 
first part of the day 
Towards night, a 
heavy swell from E. 
by N. Thick heavy 
rain most of the day. 
Overcast heavy s^ 
all round, and dark 
gloomy weather. 
Bent storm sails at 
2 p. M. and kept 
away south, as wea- 
ther was looking very 
bad. Heavy swell 
from E. N. E. at 
midnight. 

7 A. M. Moderate 
breeze and squally. 

8 A. M. Overcast and 
squally with heavy 
rain. 

Noon. Moderate breeze 
and overcast, with 
threatening appear- 
ance and rising 
sea. 4 p. M. Strong 
breeze and overcast, 
with frequent hard 
squalls. 8 p.m. Strong 
freshening breeze, 
with hard squalls and 
rising sea. Midnight. 
Moderate gale and 
heavy squalls. 



1884.] 



o/ the Bay of Bengal in 1883. 



151 







• 


4 


• 1 

22 


Windb. 








'O 





a A 








YesBel. 


Hour. 


• 


|w 


S5 <^ 5 


• 




Bkmarks. 










s 


o 
h4 


^5i 


Dir. 


Force. 




Satara 


4 a.m. 






29-800 


N.E. 


4 


4 A. M. Moderate breeze 
and overcast sky, 




8 a.m. 






•850 


N.E. 


5 


with passing sqaalls 
of wind. 8 A. M. 




Noon 


16° 36' 


92° 09' 


•800 


E.N. B. 


e 


Fresh breeze, sky 
olondy and overcast. 




4 p.m. 






•740 


E.N. E. 


6 


Sqnally appearance. 
Black bank of cloads 




8 p.m. 






•800 


E. 


6 


rising to the East. 
10 A. M. A gale of 




Midnt. 






•780 


E.byN. 


6 


wind from N. E. 
11 A. M. Wind moder- 
ating; Noon. Strong 
head wind and monn- 
tainoossea. Shipping 
large quantities of 
water, vessel pitching 
and rolling. 4 p. M. 
Strong breeze and 
heavy sea, with severe 
Bqnalls of wind, and 
incessant rain. 8 p.m. 
to midnight. Same 
weather oontinned. 


Loanda 


Noon 


16°30l» 


92° 0'? 




N.E. 


4 to 5 


Weather overcast. 


Bancoora ... 


4 a.m. 






29-902 


E. 


2 






8 a.m. 






•929 


N.E. 


3 






Noon 


17° 19' 


85° 44' 


•887 


N.E. 


4 


Moderate wind and 
fine. 




4 p.m. 






•838 


N.N.B. 


4 






8 p.m. 






•867 iNE.byN. 


4 






Midnt. 






•840 


N.N. E. 


4 




Chanda 


4 a.m. 






29-830 


N.E. 


2 


Hazy. 




8 a.m. 






•920 ; N. N. E. 


4 






Noon 


18° 56' 


90° 30* 


•920 


N.N.B. 
N. E. to 


4 


Current N. 23° B. 
0*5 mile per hour. 




4 p.m. 






■750 


S. E. 


2 






8 p.m. 






•770 


Variable. 
S. E. to 


4 


At short intervals, 
heavy squalls from 
S. E. 




Midnt. 






•770 


E. by 8. 


5 


Heavy squalls from the 
eastward. 
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Vessel. 


Hoar. 


Latitude. 

N. 


Longitude. 
E. 


Probablfe re- 
duced baro- 
meter. 


Winds. 


Bemarks. 


Dir. 


Force. 


Asia .... T T - - - 


Noon 


18° 53' 


84° 39' 




N. B. 


• 


Moderate wind, clear 




-weather. 


Mahratta ... 


4a.m. 






29'860 


N.N.E. 


4 






8 a.m. 






•920 


• • • 


4 






Noon 
4p.m, 


21** 16' 


90° 35' 


•940 
•800 


• 4 • 

N. 


4 
8 


Fine weather, smooth 
sea, and clear sky 
throughout^ 




8 p.m. 






•870 


• . • 


8 






Midnt. 






•900 


• . • 


2 





The Satara, BycuUa, Mount Stuart, and Scottish Hill were now in 
directions varjring between N. N. W. and W. N. W. from the centre and at 
approximately the same distance, 250 miles. The Satara was in Lat. 16^ 
35' N. Long. 92° 9' E. by account at noon, and proceeding eastwards to 
Rangoon. Early in the morning, the weather was fine with moderate 
breezes. Occasional squalls of wind passed over the vessel. The 
weather became rapidly worse after 8 a. M. A heavy and dark bank of 
clouds appeared in the east, and at 10 A. M. a gale of wind blew from 
north-east. The sea rose very rapidly. During the afternoon and 
evening, the vessel experienced strong easterly winds with frequent heavy 
squalls, incessant rain, and a heavy sea« The Satara was not only 
approaching the centre, but was crossing its line of motion in front. 
Hence the very rapid change of weather which she experienced during 
the afternoon. 

The Byculla was about 70 miles to the W. S. W. of the Satara at 
noon in Lat. 16' N. and Long. 91° 10' E, Her positions, as obtained by 
observation and dead reckoning, agree so closely as to show that there was 
no strong current in the northern and western quadrants of the cyclone^ 
and hence that the position assigned to the Satara by account is probably 
approximately correct. The Byculla was advancing in almost the same 
track as the Satara, and gives a similar account of the weather. The 
morning began "with moderate breezes and occasional squalls. The sky 
clouded over about 8 A. M., and heavy rain fell. The winds increased ia 
force, and frequent hard squalls passed over the ship. 
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The Log of the ship Mount Stuart, which was in Lat. 15° 30' N. and 
Long. 91° 6' E. at noon, states that the sky was overcast, weather dark 
and gloomy, and so threatening at 2 P. m! that the Captain changed her 
course and kept away south. The Scottish Hill was 100 miles to the south- 
south-west in Lat. 14° 8' N. and Long. 90° 33' E. at noon. The sky was 
overcast, and frequent heavy rain squalls passed over the ship. A heavy 
swell from the north-east came up during the day. The weather over 
the north-east of the Bay is described in the logs of the Chanda, Bancoora, 
and Mahratta. The Bancoora, in Lat. 17° 19' N. and Long. 85° 44' E. at 
noon, had fine weather and moderate north-easterly winds of force vary- 
ing from 2 to 4 during the day. The Chanda, in Lat. 18° 56' N. 
and Long. 90° 30' E. at noon, had fine weather with a hazy at- 
mosphere, and light to moderate north-east winds. She was proceeding 
to Rangoon, and steaming directly towards the northern quadrant of the 
cyclone. Late in the evening, she began to experience squally weather 
and variable winds. Frequent heavy rain squalls came up from south- 
east and east after 8 P. M. The Mahratta proceeding from Chittagong to 
Calcutta, and the light vessels at the entrance to the Hooghly, had fine 
weather, clear skies, and a smooth sea throughout the whole day. 

The meteorological data hence shew conclusively that, during the 
24 hours preceding 10 a. M. of the 11th, a definite cyclonic circulation of 
considerable intensity had been established to the west of the Andamans, 
the centre of which at noon of the 11th wa* probably in Lat. 13° 30' N. 
and Long. 94° 15' E. Heavy rain was falling over and near the centre, 
winds increased considerably in force during the day, the sea rose rapidly, 
and gave rise to a heavy swell extending to a distance of three or four 
hundred miles from the centre. The very rapid changes which had been 
initiated by the cyclonic motion are indicated very clearly by the weather 
experienced by the Satara. 

I'lth November. — The barometric changes of the preceding 24 hours 
were irregular. This was in part due to the continuance of unsettled 
weather in Upper India. The depression which had formed on the 9th 
and 10th was filling up, and its existence was chiefly shewn on the 
morning of the 12th by cyclonic circulation of the air in Sind, and the 
adjacent districts of Bajputana. A smaller depression had, however, 
formed in the south-eastern districts of the Punjab, the centre of wliich 
was at or near Lahore. This was shown by a slight fall of the barome- 
ter at Lahore and the neighbouring stations. The barometer had con- 
tinued to rise rapidly over the greater part of the Punjab, Rajputana, 
and the Central Provinces, and over the whole of Central and Southern 
India. A rapid fall had occurred in Burmah, and a slight one in Bengal, 
duo to the development and extension of the atmospheric whirl in the 
neighbourhood of the Andamans. 
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In Upper India, skies were more or less clouded in the area of the 
small depression, and rain fell during the day over nearly the whole of 
the Punjab, and the western districts of the North Western Provinces. In 
Bengal, the Central Provinces, Bombay, and Madras, skies were generally 
clear, weather fine, and winds light. Skies were overcast in Sonthem 
Bummb, and rain was generally &lling. 

Over the west coast of the Bay, pressure was remarkably uniform, 
the isobar of 29'd5 being, in fact, almost identical with the coast line. 
The winds on the Coromandel coast were stronger than they were on the 
previous day, but were below their normal force. This is shown by the 
following statement r — 



Amonntof wind 
hour since 10 



Daily average 

amonnt of wind 

per hour. 



Tizagapatai 
Coconada . 
Masulipatai 

Madras 

Negapatam 

Madura .... 



25 
9-0 
60 



The following are the observations taken at the stationB affected b; 
the cyclonic depression : — 





= 1 
I'll 




Wind ill recti on. 


m 

Sil 

ilsi 


I' 

r 


»3 




Btatiou. 


10*. B. 


4f. H, 


Vfeathor. 


Kancdwry 

Port Hliiir 

Uinniuiul Island 


2i)fi59 
Kl-887 

W-7C2 
29-871) 
£9'Ui>g 


+ -mi 
— -IHB 

p 

— ■01!) 

+ oaa 

— onn 

— 043 
+ 014 

*■ -052 


s. w. 
w.s.w 

E. 8.K. 

N. N. E. 
Calm. 

N, W. 

E. N. E. 

E. N, E. 

S. E. 

E- S. E. 


S. W. 
W. S. W. 

S. S. E. 

E.N. E. 
N. K. Vf. 
K. W. 

E. 9. E. 
S. E. 
S.E. 

8. 8. E. 


7 
X8 
26 

P 

1 
? 

12 

a 

3 

4 


7 

8 
10 

10 
6 
10 

10 

10 
G 

10 


ISl 
0-41 
4'68 

6-97 
0'84 
0-04 

0-50 


Finn. 

ScToro 
sale. 


Chittngong ... 
Toungoo 

Baiaein 

Mou^oln ',;!!!! 


Fine. 

Gloomy 
wcothnr, 

Clonis 
low with 
w-ud, 
OscrcBBt 
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The following information relating to the meteorology of the Bay 
for the 12th is taken from the logs of the vessels named : — 



Vessel. 



Hoar. 



Moant Stuart 4 a.m. 



Noon 



Scottish Hill 



4 P.M. 

Midnt. 

4a.m. 



1 • 



d 
o 



si 

g 3> « 



Winds. 



Dir. 



Force. 



29-700 N. N. W. 



U"* 19' 91° 41' 



Bjcnlla 



8 a.m. 



Noon 



4 p.m. 

5 p.m. 
Midnt. 



14° 36' 92° 17' 



•750 



29-770 



W. N. W. 



N. W. 
N. W. 

N. N. W. 



•790 N. N. W. 



•720 



N. W. to 
W. N. W. 



5to6 



5 
6 



•630 W. S. W. 



•660 W. S. W. 
•720 SWbyW 



2 a.m. 
4 a.m. 
6 a.m. 
8 a.m. 
10 a.m. 
Noon 16° 03' 92° 36' 
2 p.m. 
4 p.m. 
6 p.m. 



29.730 E. N. E. 

600 

570 

480 N. E. 

I 
480 

410 NE.byN 

380 N.N.E. 



380 
370 



N. by E 
N. by W 



4 
10 



10 



8 



Remarks. 



A number of small 
land birds at about 
sunset. The moon has 
had a large ring round 
it the last few nights. 

4a.m. Cloudy and rain 
squalls. Heavy sea 
from N.E. 

8 A. M. Heavy rain 
squalls, sky thick and 
gloomy, heavy sea 
from N. N. E. Noon. 
Shift of wind to N.W. 
with heavy, fierce 
squalls. Sky one 
mass of heavy black 
clouds, and rain like a 
black wall to W.N.W. 

2 p. M. Fierce squalls. 
Heavy bank of clouds 
to the N. W. and N. 
5 p. M. Weather clear- 
er, and squalls lighter. 
Heavy confused sea. 
Scud in dark masses 
from N. W. Midnight. 
Fresh squalls and 
heavy rain. 

A. M. Freshening gale 
with very heavy 
squalls, blinding rain, 
and high head sea. 
Ship labouring hea- 
vily. 8 A. M. Strong 
gale with heavy 
squalls, and high N.E. 
sea. Shipping water 
fore and aft. 

Noon. Wind and sea 
increasing. Heavy 
gale, with overcast 
sky, and continual 
heavy squalls. Ship 
labouring heavily, 
and shipping heavy 
seas fore and aft. 
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Veasel. 



^yculla .... 
(Cmitd.) 



Batara 



Chanda 



Bancoora .. 



Hour. 



OS 



o 

1^ 



8 p.m. 

10 P.M. 

Midnt. 



4a.m. 



o A. M. 

Noon 
4 p.m. 

8 P.M. 

Midnt. 



16° 30' 



4 a.m. 

8 a.m. 
Noon 



93° 30' 



I • 



2 



es 0) ® 

la 



I 



Winds? 



Dir. 



29-370 N. N. W. 
N.W.to 
•390 W. N. W. 
•400 West. 



29^710 NE.by E 



Force. 



I 



•660 
•650 



4 p.m. 



16° 31 



8 p.m. 
10 p.m. 
Midnt. 

4a.m. 

8a.m. 
Noon 
4 p.m. 
8 p.m. 
Midnt. 



N. E. 



•610 E.byN. 
•530 



•540 
•520 



£. S. E. 
S. E. 



Onn/ 



93^09 



29-710 E.toNE 
•730 



•640 



•560 



E.N.E.to 

N. E. 



N. E. 



N. E. 



16° 40'|89° 11' 



-610 
•490 



•560 



29-798 

•849 
•805 
? 

■818 
•849 



N.N. E. 



N.N.W. 



N. 

N. 

N. 
N. N. W. 

N. W. 
N. N. W. 



9 
9 

9 
9 
9 



5 
6 
4 
4 

4 



Bemabks. 



8 p. m. Heavy g^le 
with tcrrifio squalls 
from the North. 

Midnight. Weather 
moderating. 

A. M. Strong gale from 
N. E. with heavy sea, 
accompanied with 
heavy squalls of wind, 
and incessant rain. 
8 A. M. Hard gale, 
violent squalls, heavy 
min, verv tliick wea- 
ther. Noon. Wind 
and sea continued 
the same ; heavy rain 
squalls. 4 P. M. to 
midnight. Strong 
gale from E. by N., 
Same wind and wea- 
ther. 

Morning. Heavy squalls 
from E.N. E. Sea ris- 
ing fast ; S. E. swell 
increasing rapidly. 
Noon. Strong gale 
with high cross sea. 
Weather having all 
the appearance of a 
cyclone. 

Afternoon. Fierce g^le 
and high sea, with 
hard squalls and 
heavy rain. Barome- 
ter falling slowly. 

Evening. Terrific 
squalls and high sea. 



Cleared up a little, less 
rain and sea. 

6 A. M. Squally ap- 
pearance to north- 
ward. 

2 P. M. Fresh breeze 
and squally with light 
rain . Heavy sea from 
E. and E.N. E. 
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Vessel. 


Hoar. 


• 


• 


2§ 


Winds. 


Bemabks. 


•3'^ 


'SdW 


otf S Q> 










J 


o 
1^ 


Prob 
due 
met 


Dir. 


Force. 




Loanda 


Noon 


16'*45'P 


91°46'P 


29-700 


E. N. E. 


6 


Heavy rain and sky 
overcast. 


Asia 


4 a.m. 
8 a.m. 








N. E. 
N. E. 


Moderate 
Fresh. 


Clear weather. 




Noon 


ir 42' 87° 42' 




N. E. 


** 


Glondy and confnsed 
















swoll. 




4 p.m. 








N. E. 


)» 


Cloudy and heavy S.B. 














swell. 




8 p.m. 








N. E. 




Cloudy and heavy S.E. 
swell. 




Midnt. 








N. E. 


Strong. 


Overcast and heavy 
















easterly swell. 



The observations at the land observatories indicate that the depres- 
sion was to the north of the Andamans on the morning of the 12th. 
The centre had thus moved in a north-north-west direction since noon 
of the 11th. The barometer had risen considerably at Port Blair and 
Nancowry, and on the east coast of the Martaban Gulf. Strong winds 
continued at Nancowry and Port Blair, more especially at the latter 
station. The sky was cloudy at Nancowry, and was still very dark and 
gloomy at Port Blair. Moderate rain had fallen during the preceding 
24f hours at these stations. 

A very considerable fall of the barometer had occurred in South 
West Burmah, more especially at Diamond Island and at Bassein. 
The winds were unusually strong at Diamond Island. The observer 
at that station reported a severe gale at 10 A. M. Very heavy rain was 
also falling in South Burmah. Diamond Island registered 4" 58 inches 
at 10 A. M., and Bassein, 5*97 inches. On the Arakan coast, the weather 
at 10 A. M. was fine with passing clouds, and light N. N. E. winds. 

The position of the centre can only be roughly approximated 
from the land observations. It was evidently to the W. S. W. of 
Diamond Island and at no great distance. The information extracted 
from the ships* logs enables us to determine it with approximate 
accuracy. An examination of the positions of the vessels, as deter- 
mined by observation and dead reckoning on the 12th and 13th, 
indicates, that the positions assigned to all the vessels, except the 
Satara, at noon of the 12th, may be accepted as approximately true. 
There appears to have been very little current in the western and 
21 



158 J. Eliot— r//^ South-West Monsooji Storms [No. 2, 

northern qnadrants of the cyclonic area. The only marked current 
at this time in the Bay was in the eastern quadrant of the Btorm 
area, where the winds were 'strongest. This current was continued 
northwards along the west coast of Burmah. The Satara, which was 
nearest the coast, experienced a very strong northerly current, which 
carried her 171 miles to the northward and westward (N. 13° W.) between 
noon of the 11th and noon of the 14th. Her probable position at noon 
of fhe 12th, so far as can be determined from the wind direction and 
height of her barometer, was in Lat. 16° 30' N. and Long. 93° 30' B. 

The Byculla, Satara, Loanda, and Chanda were all in the northern 
quadrant. The Byculla was nearest the centre, which apparently passed 
a short distance to the east of that steamer, late in the erening (about 
8 P. M.) Early in the morning, she had a gale with very heavy squalls, 
blinding rain, and a high sea. The weather grew worse as she advanced 
southwards. At noon, she experienced a heavy gale with continual 
heavy squalls. The weather was at its worst about 8 P. M., when a 
heavy gale was blowing with terrific squalls. Her barometer (cor- 
rected) stood at that hour at 29'37, the lowest reading taken during the 
storm. The weather began to moderate at midnight, when she bad 
westerly ^nds, and the storm was passing to the northward. 

The Chanda also passed to the westward of the storm. She was at 
least 150 miles from the centre early in the morning of the 12th. At that 
time, heavy squalls from the E. N. E. passed over the vessel, and a swell 
came up from the south-east which increased rapidly. At noon, she had 
a fierce gale with hard squalls, and heavy rain. The barometer fell slow- 
ly, and the Captain at 4 p. m. judiciously changed the course of the vessel 
to the south-west, and thus kept clear of the storm centre. At 8 P. M-, 
the squalls were terrific in force, and the sea very high. The barometer 
was at its lowest at 10 p. m., when the corrected reading was 29*49. The 
wind at that hour was hauling from N. N. E. to N. N. W. Shortly after- 
wards, the weather began to moderate. 

The Satara was to the north of the centre during the day, and cross- 
ed from the western to the eastern quadrant. She, consequently, not 
only experienced the full force of the hurricane, but was carried a con- 
siderable distance to the northward by the current, and thus involved 
in it for a much longer time than either of the preceding vessels. Early 
in the morning, she had a strong gale from the N. E. with heavy squalls, 
incessant rain, and a high sea. She continued to experience similar 
weather during the day. The wind, which was from N. E. at 4 A. M.^ 
shifted to E. by N. at noon, and to S. E. at midnight. She was, judging 
from the unusually small rise of her barometer between 4 p. M. and 8 P. M ., 
probably nearest to the centre between 8 p. m. and midnight. Her low* 
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est rea(fing is not given, but when corrected, it probably slightly exceed- 
ed 29*5. She was about the same distance as the Ghanda from the centre 
The Mount Stuart and Scottish Hill were' in the south-west quadrant, but 
at considerable distances from the centre. The former, which was in 
Lat. 14° 19' N. and Long. 91° 41' E. at noon, had winds of force 5 to 6 
during the day. The Scottish Hill was nearer to* the centre. During the 
morning, she had cloudy weather with rain squalls, and a heavy sea^ 
Occasional shifts of wind occurred in heavy squalls, which passed over the 
vessel from the N. W. She was just on the margin of the storm area. 
The force of the wind varied from 4 to 5. The Captain describes the 
appearance of the cyclone area crossing to the N. W. in front of his ship 
as a mass of heavy black cloud and rain. During the remainder of the 
afternoon, fierce squalls passed over the vessel. The wind was of force 
10, and hauled to W. S^ W. at 4 P. M. The weather moderated a little 
afterwards, but she continued to have fresh squalls, heavy rain, and a 
high confused sea, during the remainder of the night. 

The Asia was about 400 miles to the W. N. W. in Lat. 17° 42' and 
Long. 87° 42' E. at noon. She had fresh to strong N. E. winds during 
the day, and a heavy swell from the S. E. The Bancoora was 260 miles 
to the W. N. W. in Lat. 16° 40' K and Long. 89° 11' E. She had 
northerly winds of force 5 until noon, and N. N. W. winds of force 4 
during the remainder of the day. The weather had a squally appearance 
in the morning. As she advanced eastward, a heavy swell set in from 
the E. and E. N. E., which increased during the day. The logs of the 
Bltandara and of the light vesseb near the mouth of the Hooghly show 
that light northerly winds were blowing at the Head of the Bay, and 
that the weather was fine, sky clear, and sea smooth. 

A comparison of the position of the vessels at noon with respect to 
the storm indicates. that the centre was approximately in Lat. 15° 30' N. 
and Long. 93* E. at noon. 

On this supposition, the following were the distances and bearings 
ef the vessels from the storm centre at noon : — 



Diamond Island 

Byculla 

Chanda 

Satara 

Scottish Hill 

Mount Stuart .. 

Bancoora 

Asia 



Boanng of 

centre of 

Btorm. 

E. N. E. " 
N. N. W. 
N. 

N. E. 

S. W. 

S. W. 
W. N. W. 
W. N. W. 



Distance of 

centre of 

Btorm. 



90 

45 

75 

75 

85 

120 

260 

400 



Barometer 
at noon. 



29-64 
29-41 
29-64 
29-61 
29-72 
29-75 
29-81 
?. 
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13lh November. — The cliief fe&tnre in the meteorology of India on 
the 13th was the cyclonic distorbfinoe oS the BnrmeBe coast. A rapid 
rise of the barometer during the preceding 24 hoara over the Pnnjab 
and Sind, completely obliterated the barometrio depreeaion in that area. 
Presanre was highest over the Indus valley, where it slightly exceeded 
30' 15". The barometer had also risen in the Central Provinoea, Bombay, 
and Madras, but had decreased in Bengal and Amtan. Hence presanre 
diminished from west to east, and was lowest at Diamond Island, where 



The lai'ge depression off the Bnrmeae coast was very distinctly marked* 
Winda were blowing a aouthorly gale in the Gulf of Martaban. They 
were easterly at Akyab, northerly in Bengal and on the Ganjam and 
Modma coasts, thus establishing general oyclooio circulation over the 
Bay. Elsewhere the winds were generally from the eastward, except in 
the Indus valley, where they were northerly. 

The sky was dall and cloudy in the Ponjab, and moderate rain had 
fallen daring the previous 24 hours. The sky, however, rapidly cleared 
during the day, and was almost free of clond by 4 p. u. Over the remainder 
of the Indian land area, excepting Burmah, the eky was clear and the 
weather fine. The following table gives the more important meteorolo- 
gical observations taken at the land stations : — 





22 


if 




iff 

it-. 


S 

u 


3,^ 




fiUtionB. 


10 k. N. 


4 p. u. 


WcBtber. 


Miincawry 

I'ort Blair 

Riumond Island 


39-800 

29-863 
SS9-855 
29-881 
89-830 
39'887 
29-902 
29-943 


t- -056 
4--OG2 
fl67 

— -024 

— ■044 
— -OOl 
+ -OGB 
+ -017 
+■-033 
+ -007 


S.W. 

w.s.w. 
s. 

E. N.E. 
K. 
N. W. 
E. B. E. 
B. 8. E. 
S.S. E. 
3. E. 


8. W. 

W.S.W. 

B. 
N, N. E. 

Calm. 

N. W. 

8. 8. E, 

s, a. E. 

8.8. E. 
Calm. 


8 

10 
29 
6 
I 

f 
19 

3 

2 


7 
e 
10 
10 

10 

tt 
3 
E 


0-83 
015 
l'-17 
0-59 

0-42 
D-9U 
2-42 
lU 
030 


Fino. 

Fine. 

6eTer>> gale. 

Showorj. 

Sultry. 

ThrriitPiiing 
woiithyr. 


CliiUagong ... 
Tonnj-hOD 


BangooQ 


Constant 

Conatnut 
rain. 
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The information extracted from the logs of vessels afFectedt'i3 
cyclonic disturbance off the Burmese coast is given in the ensuing state- 
ment : — 



Vessel. 


Hour. 


titade. 

N. 


Longitude. 
E. 


able re- 
ed baro- 


Winds. 


Bemarks. 










S 


Prob 
due 
met 


Dir. 


Force. 




Sbazada 


8 a.m. 


13° 14' 


94° OO' 


29-836 


S. by E. 


Strong. 






Noon 


13° 51' 


93° 57' 








Cloudy and overcast. 




4 p.m. 






•714 


S. 






Mount Stuart 


4 a.m. 








N. W. 


5 


Sea heavy from N. E. 
by N. It was more 




8 a.m. 






29-870 


• a • 


5 


northerly towards 
noon. 2 p.m. Showery. 




Noon 


14° 47' 


91° 20' 




W. N. W. 


5 


4 P.M. Heavy detached 
clouds. 5 p. M. Dull 




4 p.m. 






•740 


• •• 


6to6 


heavy sky, with 
bright pink colour 




8 p.m. 








• • t 


5 


at sunset. 




Midnt. 






•800 


vble.toW 


5 




Alia 


4 a.m. 








N. E. 


Mode- 


Cloudy, heavy easterly 
swell, and stinally. 


tfAiV*«V •••••■••« 


ar «^» «■*• 










rate. 




8 a.m. 








N. 


Fresh. 


Overcast and heavy 
N. B. swell. 




Noon 


15° 54' 90° 68' 




• . . 


. . • 


Squally, overcast, heavy 
















N. £. swell. 




4 p.m. 








N.W. 


Mode- 
rate. 


Overcast, N. E. swell 
going down. 




8 p.m. 




lOf 




W. 


• • « 


Moderate breeze and 
overcast. Swell gone 
down. 




Midnt. 








SWbyW 


Steady. 


Moderate breeze and 
cloudy. 


Loanda 


Noon 
Midnt. 


IG^ 16' 


92^54' 


29-500 


N.E. 


10 


Gale increasing. 
A hurricane. 


SoottiHh Hill 


8 a.m. 






29-750 






Noon. Heavy rain 
squalls. 




Noon 


15° 56' 92° 10' 


•720 


W. by S. 





6 P. M. Scud flying 
















fast from N. W. 




4 p.m. 






•700 






Severe squalls and 
heavy sea. 10 p. m. 




6 p.m. 






•680 






Weather clearer, soa 
lighter, squalls leas 




8 p.m. 








W.byS. 


10 


violent. 




Midnt. 






•790 
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Vessel. 


Honr. 


• 

o 


• 

o 


« I 

22 

©^ 


Winds. 


Bbmabks. 


•l^ 


•aw 


d © © 










s 


o 

•J- 


Prob 
dnc 
met 


Dir. 


Force. 














NNW. tc 


) 




Chanda 


4 a.m. 






29-610 


W.N.W 
WNW.tc 




Wind and sea going 
down. At short inter- 
vals, terrific sqnalls at- 




8 a.m. 






•650 


S. W. 




tended by heavy rain. 




Noon 


16^02' 


93° 11' 


•670 


S. S. W. 




Strong wind and heavy 
rain sqnalls. 




4 p.m. 






•690 


s. s. w. 




Strong breeze and 
cloudy. Occasional 




8 p.m. 






•790 


S. E. 




heavy squalls. 




Midnt. 






•770 


SE.byS. 




Strong increasing 
breeze, and cloudy 
weather. 


Bjculla 


2 a.m. 






29^440 


W. 




Heavy gale with dark 
overcast sky. Wind 




4 a.m. 






•450 


s. w. 




veered to S. W., in- 
creased and blew with 




6 a.m. 






•460 


• • t 




great violence in 
terrific squalls with 
rain. High confused 
sea. 




8a.m. 






•510 


s. s. w. 




8 A. M. Heavy galoi 
with terrific squalls 




10 a.m. 






•520 


• • f 




fromS.W.toS. S. W. 














High confused sea. 




Noon 


16°10'93°11'| 


•560 


■ • • 




Shipping heavy water 
















fore and aft. 11 a. M. 




2 p.m. 






•580 


s. w. 




Weather moderating, 
but sea very confused. 




4 p.m. 






-660 


. . • 




Noon. Wind and sea 
moderating. Squalls 




6 p.m. 






•720 


• . • 




less frequent and not 
so hard. 




8 p.m. 






•780 


. . • 




8 P. M. Strong breeze 
and overcast, with 




10 p.m. 






•810 


• at 




sharp squalls and 
heavy rain, high sea 




Midnt. 






•830 


• • • 




still running. Mid- 
















night. Fresh breeze 
with passing squalls. 
Sea going down. 


Satara 


4 a.m. 




< 
i 


29-520 


S. E. 


8 


4 A. M. Fresh gale, vio- 
lent squalls of wind 




8 a.m. 






•630 


• • t 


9 


and rain, heavy head 
sea. 8 A. M. Strong 




Noon ; 


16° 20^1 


33° 30' 


•680 


S. E. 


9 


gale, violent squalls, 
heavy rain. 10-45 a.m. 




4 p.m. 






•670 


S. E. 


8 


Wind shifted to S. by 














E. Noon. Strong gale 
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• 

o 


• 

o 


I « 

m p 


Winds. 




Vessel. 


Hoar. 


• 


^r^ 


.2 '^ 






Bemarks. 


1^ 


•a" 


Probab 
dnced 
meter 










s 


o 


Dir. 


Force. 




Satara 


8 p.m. 






•730 


• • • 


8 


from S. E. Violent 


(Contd.) 










SbyWto 




sqnalls of wind and 
rain. 4 p. m. Fresh 




Midnt. 






•760 


S. E. 


8 


gale, violent squalls 
of wind and rain. 
Sea moderating. Wa- 
ter had a greenish 
tilit. 6-30 p. M. Fresh 
gale, thick weather, 
with violent sqnalls. 


Bancoora ... 


4 a.m. 






29-828 


N. W. 


7 


6-15 A. M. Tremendous 
heavy sea from N. B. 




8 a.m. 








W. N. W. 


7 


10 A.M. Lulls and very 
heavy squalls and 




Noon 


16** 31' 


91° 55' 


•770 


W. N. W. 


6 


rain. 7 P. M. Clearing 
somewhat, wind and 




4 p.m. 








West 


7 


sea moderating, ves- 
sel at times rolling 




8 p.m. 








W. S. W. 


4 


fearfully. 




Midnt. 






30049 


W. 
S. W.to 


3 




Mahratta ... 


Noon 


22° 00' 


9^44' 


29910 


S. E. 


1 


4 P. M. Slight swell 
from S. E. To east- 




4 p.m. 






•760 


E. 


2 


wards, dense heavy 
clouds ; to westwards, 




8 p.m. 






•780 


N. E. 
E.N.E.to 


3 


sky clear near the 
horizon ; to north- 
wards, light fleecy 




Midnt. 






•780 


N. E. 


6 


looking clouds, ap- 
parently motionless. 
Midnight. Sky com- 
pletely overcast, with 
occasional rain and 
heavy swell. 



The observations taken at the land stations show that the barome- 
ter had risen rapidly at Diamond Island, moderately at Bassein, Port 
Blair, and Nancowry, and very slightly at Mergpii and Rangoon. It was 
falling slowly at Akyab and Chittagong, in front of the storm area. 
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Winds were much lighter at Nancowry and Port Blair, but were un- 
altered in direction, and continued to give moderate rain. They had 
veered to S. S. E. in Burmah, except at Diamond Island, where they were 
from the south. A severe gale of wind had prevailed at that station 
during the previous 24 hours, but was beginning to moderate. Heavy 
rain had been brought up by the southerly winds into South Burmah. 
Bassein received 5*9 inches, Rangoon 2'4, and Diamond Island 1*47 during 
the previous 24 hours. 

The land observations are not sufficient to enable the position of 
the centre of the storm at this time to be inferred. The slight shift of 
wind at Diamond Island, the considerable rise of the barometer at that 
station, and the very small fall at Akyab, indicate that the storm was 
being largely influenced and retarded by the action of the Burmese and 
Arakan hills. The southerly winds in the easterly quadrant, instead of 
passing mainly over a water surface, were now blowing partly over South 
Burmah. The friction between the winds and the earth's surface, and 
the action of the hills in breaking up and disintegrating the rotatory or 
vorticose motion of the air, evidently account for the change which was 
taking place, and which is more clearly shown by the ships' observations. 

The Satara was in the north-east quadrant. Her position at noon 
was probably about Lat. 16° 20' N. and Long. 94° E. She was between 
the storm centre and the Burmese coast, and received the full weight of 
the southerly winds during the day. She had strong gales with violent 
squalls and heavy rain during the whole day, .and the weather only began 
to moderate about 8 p. M., after which she had a fresh gale with thick 
weather and heavy squalls. 

The position of the Loanda is slightly doubtful. She was almost in 
front of the cyclonic centre, probably a few miles only to the west. She 
had north-easterly winds of force 10 at midday. The storm increased, 
and at midnight was blowing a hurricane. Her barometer at midday 
(corrected) was 29*5. 

The BycuUa was in the south-east quadrant. She had crossed the 
path of the centre on the previous evening at about 11 p. m., and steamed 
away to the east during the day. Early in the morning, she was near 
the centre, and received the full weight of the south-westerly winds. 
The wind veered to south-west shortly after midnight, and blew with 
great violence ; terrific squalls of wind and rain passing over the ship 
at intervals. At 8 A. M., the wind blew a heavy gale with tcn*ific squalls 
from S. S. W. and S. W., bringing up a high confused sea. Weather began 
to moderate after 11 A. M., and in the afternoon, when the vessel wan pro- 
bably 200 miles away from the storm centre, she experieuced fresh 
breezes with passing squalls. The barometer rose i-apidly and continu- 
ously dui'ing the day from 29*44 at 2 A. M. to 29*83 at midnight. 
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The Chanda and Bancoora were passing early in the morning 
through the south-west and south quadrants of the depression. The 
Chanda experienced terrific squalls with * heavy rain. The winds com- 
menced at W. N. W., and hauled round to S. W. at 8 a. m. As she 
advanced south-eastwards during the afternoon, the weather improved, 
and wind shifted round to S. E., when strong breezes with occasional 
squalls and cloudy weather prevailed. 

The Bancoora was further to the westward, and hence did not en- 
counter such strong winds as the Chanda. During the day, the winds 
gradually shifted from north-west to west, and were of average strength 
7. Very heavy squalls of wind and rain passed over the vessel, and a 
tremendous heavy sea came up from north-east early in the morning. 
As the storm centre passed to the northwards, and the vessel proceeded 
eastwards, the wind and sea moderated. 

The remaining vessels were at greater distances away. The Scottish 
Hill to the W. S. W. of the centre (in Lat. 15° 56' N. and Long. 92° 10' 
E.) had very heavy rain squalls (force 9 to 10) during the day. The 
weather began to clear at about 10 p. m. 

The Asia, in Lat. 15° 54' N. and Long. 90° 58' E. at noon, was pro- 
ceeding south-eastward to Port Blair, and passed through the outer part 
of the south-westerly quadrant. She had squally overcast weather with 
a heavy N. E. swell during the day. At midnight, she had steady, mo- 
derate S. W. breezes with cloudy weather. The Mount Stuart was in the 
west and south-west quadrants, and experienced moderate winds of 
force 5, with occasional squalls. 

The Mahratta, between Chittagong and Akyab, had light variable 
winds, and fine weather, during the early part of the day. The sky 
clouded over and was overcast at night, when rain began to fall, and a 
heavy swell to come up. The Bhundara, off Gk)paulpore, had light 
airs or calms, and a clear sky. 

Assuming the position for the storm centre at noon to have been 
in Lat. 16° 10' N. and Long. 93° E., the following table gives its position 
with respect to the vessels near it : — 





Position. 


i Direction of 
storm centre 
from vessel. 


Distance of 
storm centre 
from vessel. 


Barometer 
at Noon. 


Names of Ycesols. 


Longitude . 

N. 


Latitude. 
E. 


Loanda 


1G° 16' 

legos' 

16" IC 
16'' 20' 
15° 56' 
16° 31' 
14° 47' 
15° 54' 
21° 59' 
Off Goim 


92° 54' 
93° 11' 
93° 11' 
93° 30' 
92° 10' 
91° 55' 
91° 20' 
90° 58' 
91° 44' 
nlporo. 


N. N. W. 

E. 

E. 
E. N. E. 

W. 

W. 
S. S. W. 

W. 
N. N. W. 

w. ; 


9 

15 

12 

35 

56 

74 

140 

130 

400 

• • • 


20-50 ? 


Chanda 


29-60 ? 


Bycolla 


29-56 


Satara 


29-()8 


Scottish Hill 


29-73 


Bancoora 


20-77 


Mount Stnart 


29-85 


Asia 


20-85 


Mahratta ..,..,, 


29-91 


Bhundara 
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lilh November. — The only feature of importiuioe in the meteorology 
of India wae the deproseion off the Arakan and BnrmeBe coaste. PreB- 
sure was again giving way qnickly over the Punjab, and to a lesa extent 
in all other parts of the conntiy, except at a few stations in Bombay, 
South Madras, and in Antkan. The higheet pressure (Sfrl) was over 
Sind, and the lowest (2969) in Arakan at Akyab. Gradients were not 
steep, esccpt in and near the cyclonic disturbance. The stonn centre 
in the Bay was approaching Akyab at 10 t. u. The weather was 
overcast with heavy rain in Bunnah and Arakan. A considerable in- 
crease of cloud had taken place in Lower Bengal. The sky had cleared 
in the Punjab and North-west Himalaya, and weather was fine over the 
whole of India, except in the immediate neighbourhood of the cyclcmio 
disturbance. The winds wore more northerly than nanal in Northern 
India. In Bengal and on the Madras coast, winds were blowing chiefly 
from tho north west. They were, however, as during the previoua vreel^ 
light in tho neighbourhood of the Madras coast. 

Tho following tables give the observations relating to the weather 
of the 14th taken at the land stations in the neighbourhood of the cyclo- 
nic disturbance, and the meteorological information extracted from the 
logs of vessels : — 
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Veasel. 
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W. 
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N.N.E. sea which gra- 




Noon 


15° 61' 


91° 80' 29-890 


• • t 


5 


dually abated. A flash 
















of lightning ahead 




4 p.m. 








N. W. 


3 


at 3 A. m. Passing 
clouds, weather gradu- 




8 p.m. 








« • ■ 


2 


ally getting finer look- 
ing. Passed through 




Midnt. 








N.N.W. 


lto2 


lots of bamboo roots 
to-day. Fine moon- 
light night. 


Byculla 


2 a.m. 




i 


29-780 


s. w. 




2 A. M. Fresh breeze 




4 a.m. 






•760 


• • • 




and cloudy. 




6 a.m. 






•820 


• • • 




4 A.M. Moderate breeze 
and cloudy, with pass- 




8 a.m. 






•860 


s. 




ing squalls. 7 A. M. 














Water very much dis- 




LOa.m. 






•890 


• • • 




coloured, muddy ap- 
pearance, bottom 28 




Noon '. 


L5° 68' i 


)3° 58' 


•890 


• • i 




fathoms. Moderate 
breeze and cloudy, 




4 p.m. 






•880 


s. w. 




light passing squalls. 
0-40 p. M. Sighted 




8 p.m. 






•920 


s.s. w. 




Alguada Light House 
to S. E. 1-30 p. M. 


I 


didnt. 






•950 


O. O. ill. 




Light breeze and fine 




1 










with smooth water. 



16S 



J. Eliot — The South-West Monsooti Storms 



[Wo. 2, 







• 
rri 




« 2 


Winds. 




Vessel. 


Hour. 


. 



■♦3 _ • 


e- o O 






BSMABKS. 




•&.« 












§ 


•§§1 


Dir. 


Force. 










^ i-^^ 








Satara 4 a.m. 
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rain. 4 A. M. Strong 
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6 
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sqnalls. 5 A. M. Very 




Noon 
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• • t 
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dirty weather, wind 






• 
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4 p.m. 
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heavy sqnalls, and 
sharp rain. 6-30 A. M. 




8 p.m. 
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4 


Sighted land. 8 A. M. 
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s. w. 


2 


thick dirty weather. 
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8a.m. 
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Loanda 


4a.m. 
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92^' 46' 




W. 
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Weather overcast with 
light rain. 
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Weather improving. 


Mahratta ... 


4 a.m. 
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N.N.E. 


9 


Thick continual rain. 




8 a.m. 


Entere 
ab. 


dAky- -740 

1 


N.N.W. 


8 


with heavy sea 


* A ctirrent set the ship from noon of 11th 


instant 


to noon of 14th instant 


N. 13° W. 171 miles. 







Tlie barometer had risen at Diamond Island and all the stations to 
the scmth and cast, except Nancowiy, where a slight fall was observed. 
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The rise was nowhere large, and was loss than a tenth of an inch at all 
stations in that part of the Bay. A considerable ('17") fall had occurred 
at Akyab, and smaller changes of the •same character at Chittagong 
and Toungoo. Judging from the barometric movements, the centre at 
10 A. H. was in the immediate neighbourhood of Akyab. 

The wind observations, however, are anomalous and almost unintelli- 
gible on the supposition of a well defined cyclonic circulation. The 
winds at Nancowry were steady from south-west, but were very feeble. 
At Port Blair, the wind was very unsteady, shifting from W. N. W. at 
10 A. M. to S. S. E. at 4 p. M. Moderately strong S. W. winds continued 
at Diamond Island. The winds at 10 A. M. at Akyab were from N. and 
at Chittagong and Toungoo from N. W. They shifted at 4 P. m. to 
west at Akyab and Chittagong, and to S. W. at Toangoo. They were, 
however, very feeble at all these stations. The wind velocity averaged 
8 miles per hour at Akyab, and only 1 mile per hour at Chittagong, 
where the air motion was actually less than the average in November, 
which is 2 miles per hour. The only inference from these observations 
is, that the cyclonic or vorticose motion had been broken up to a large 
extent by the action of the hills and the friction of the land, and that it 
was no longer a well-defined cyclonic circulation. This is also indicated 
by the character of the rainfall at the land stations. It was more widely 
distributed than before, and was smaller in amount, the largest quantity 
registered being 2*44 inches at Akyab. 

The vessels which have contributed logs were all on the southern and 
western quadrants at some distance from the centre. They give in- 
formation which is less valuable and conclusive than that of the preced- 
ing days. The whole of the meteorological observations, when charted, 
indicate that the centre of the barometric depression at 10 A. M. was to 
the east of Akyab in Lat. 20° N. and Long. 93^° E., and that tho 
cyclonic circulation was very irregular and fast breaking up. The 
Mahi-atta, from Chittagong, entered Akyab harbour at 8 A. M. She had 
thick continued rain during the night with northerly winds of force 9. 
Tho Scottish Hill, in Lat. 17° N. Long. 92° 25' E., was to the south of the 
centre at noon. She had winds from west to north-west. During tho 
day, the sky cleared, and the sea went down. At noon, weather was 
fine, although a heavy bank of clouds was still to be seen to tho N. N. W. 
and N. N. E., but it cleared off during the night. 

The Loanda, in Lat. 17* 34' N. and Long. 92° 46' E. by account, 
had westerly winds, and overcast skies with slight rain. 

The Satara found herself at noon in Lat. 16° 45' N. and Long. 94** 
3' E. She experienced moderate winds of force 7 from S. S. E. early in 
the morning, and continued to have sharp squalls and heavy rain until 
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6 A. M., after which tho weather rapidly improved. A fresh breeze was 
blowing at 10 A. M. with occasional heavy squalls. At noon, the storm 
was completely over, and she had light breezes of force 2 from the S. S. W., 
fine weather, and a smooth sea. 

The Mount Stuart, in L'at. 15° 51' N. Long. 91° 30' E. at noon, had 
westerly winds of force 5 early in the morning, with a heavy cross sea. 
The weather improved rapidly, and was quite settled in appearance at 
night, with fine clear skies and light winds of force 1 to 2. The Byculla, 
Bancoora, and Chanda were steaming along the south coast of Burmah 
towards Rangoon. They had fine weather with south-westerly winds 
of average force 3. 

It thus appears that the first action of the Burmese hills, which are 
comparatively low, had been to retard tho advance of the centre very con- 
siderably between noon of the 12th and of the 13th. During the next 
24 hours, it advanced rapidly almost due northwards with a very slight 
easterly tendency. It then approached tho coast to the east of Akyab 
on the morning of the 14th. The depression was, however, very much 
smaller than hitherto, and the cyclonic motion very considerably broken 
up. The winds were irregular in direction near the centre. The rainfall 
was evidently much less in amount, and more widely distributed. Tho 
observations taken at Akyab and Chittagong at 4 p. M. shew that the 
disturbance was then almost completely disintegrated. There was at 
that hoar an irregular, but very feeble, cyclonic circulation, which passed 
away before the following morning. 

15^^ November. — The meteorology of the 15th is given to show how 
completely the cyclonic disturbance had broken up. 

The barometric changes of tho previous 24 hours were exceedingly 
irregular. The only important change was in Arakan, where the baro- 
meter had risen very rapidly with the disappearance of tho cyclonic 
disturbance. The winds show very little alteration generally. In the 
North- West Provinces and Punjab, they were very variable. In Bengal 
and Orissa, they had a much stronger northerly component than is usual 
in November. The weather was fine, and skies were clear over nearly tho 
whole country, except Burmah and Arakan, where they wcro still more or 
less clouded, and moderate rain was falling. In the Punjab, though tho 
sky was generally clear and humidity decreasing, tho weather still 
appeared unsettled. The exceptional character of the weather in tho 
Punjab during the previous week, is illustrated by the fact that the average 
rainfall of the hill stations at Simla and Chakrata for tho month of 
November is nily whilst, during tho previous fifteen days, four inches had 
fallen at the former station, and 3| inches at tho latter. 
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The following tables give (he observatioiiB of the same Btationa as 
hitherto, and the meteorological information from the logs of aoveral 
TOBsele in the Bay for the 15th Kovomber^ — 
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Tho observations call for little remark. The rapid recovery of 
pressure at Akyab, and the Hghtness and irregularity of the winds in 
Arakan and Burmah, indicate the complete disappearance of the cyclonic 
vortex. The land observations show that the winds were very unsteady 
during the day. For instance, at Nancowry, they were from east at 
10 A. M. and south at 4 p. m. Similarly, at Port Blair, they shifted 
from N. N. E. at 10 a. m. to S. S. E. at 4 p. m. It is probable that 
these were light local winds, for the logs of tho vessels prove tliat, over 
the greater part of the Bay, north-easterly winds were again established. 
The Clan Macpherson, at the entrance to the Bay, in Lat. 6° N., had 
moderate north-easterly winds. 

Hence the cyclonic circulation had not only broken up, but the south- 
westerly winds which liad, as shown by the Nancowry registers, prevailed 
steadily up to the afternoon of the 14th, although they had decreased in 
strength considerably during the 12th, 13th, and 14th, had given way so 
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rapidly and entirely on the afternoon of the 14tli, that light north-easterly 
winds were again established over nearly the whole of the Bay on the 
morning of the 15th. This speedy restorartion of the normal circnlation 
of the air after the disappearance of the disturbance, is perhaps less 
remarkable than it might seem to bo, but is nevertheless noteworthy. 

CHAPTER IV. 

Discussion of the chief features of the Storm of 
November 10th to 15th. 

The following gives a brief connected narrative of the more im- 
portant features of the storm. 

After the termination of the south-west monsoon in Bengal in the 
last week of September 1883, the winds shifted round to north over 
the Head of the Bay, and the lower air current of the south-west monsoon 
recurved over the middle of the Bay. The north-east monsoon hence 
commenced on the Madras coast during the first week of October. Un- 
usually heavy rain fell over Southern India, more especially over the 
eastern districts of the Madras Presidency, during the month of October 
and the first week of November. During the whole of this interval, the 
period of the year when the most severe and extensive cyclones are known 
to occur, the Bay was entirely free from storms. In the beginning of the 
second week of November, the rainfall rapidly decreased in amount in 
Madras, and ceased entirely on the 9th and 10th. The logs of vessels 
shew that winds were, at that time, as they had been for some days 
previously, very light and variable in the neighbourhood of the Anda- 
mans and Nicobars. South-westerly winds were re-established at Nan- 
cowry on the 4th, and south-easterly winds at Port Blair on the 7th, but 
they were at first very weak. 

The wind observations taken on board the ships Mount Stuart and 
Scottish Hill prove that, at the same time, winds were unusually light over 
the centre of the Bay, in the neighbourhood and to the west of the Nicobars 
and the Andamans. This condition of excessively feeble air motion was 
very marked on the 7th and 8th. On the 9th, there were indications for 
the first time of the occurrence of moderately heavy and localized rainfall 
to the north-east of the Nicobars, and to the east of Port Blair, and also 
of a shift of wind, significant of the commencement and establishment of 
cyclonic circulation. On the morning of the 10th, there was a well-defined 
atmospheric whirl to the east of Port Blair. Weather was at that time 
cloudy, with very light breezes, and occasional passing showers ; and the 
sea was smooth, and free from any considerable current over the greater 
port of the Martabau Gulf, and the north and centre of the Bay. 
23 
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Tlio ship Kwang Tung, it may be remarked, passed, on the 7th 
and 8th, over the area in which the disturbance was generated ; and 
there is not the slightest indication in her log, or in the observations of 
the neighbouring land stations, of the existence of any atmospheric whirl, 
large or small, at that time, or previous to the 10th. The central 
depression at noon on the 10th was very small, probably less than a tenth 
of an inch, and the atmospheric whirl, although clearly established, was as 
yet in an initial state. It, however, rapidly acquired increased energy 
during the afternoon of the 10th, and the morning of the 11th. At noon 
of the 11th, there was a well-defined cyclonic disturbance with its centre 
in Lat. 13^° N. and Long. 94^"^ E., the barometric depression at which 
certainly exceeded S". Strong winds were now blowing into it from 
the south, and bringing up much vapour. During the succeeding 24 hours, 
the centre moved to the north-westward through the channel separating 
Diamond Island and Capo Negrais from the Andaman Islands, and 
probably over the Coco Islands. Its centre, at noon on the 12th, was in 
Lat. 15J°N. Loner. 93° E. The disturbance was of small extent, as vessels 
at distances of only 150 miles had light to moderate winds of force 3 to 5. 
The Satara, Byculla, and Loanda, all of which were near the centre, 
on the other hand, experienced squalls of terrific and hurricane force. 

Hence it was at that time a small but well-defined atmospheric 
whirl or cyclonic disturbance. The winds and squalls near the centre 
were of the most violent character, the sea excessively high and 
dangerous, and the currents in the eastern quadrant considerable. 
During the next 24 hours, it retained the same characteristics, but 
moved very slowly to the north, so that, at noon, its centre was in 
Lat. 16° 10' N. and Long. 93° E. The retardation of its motion was 
evidently due to the resistance of the land and hills in the eastern 
quadrant. The centre passed a few miles to the east of the Loanda 
and the Byculla on the evening of the 12th and morning of the 13th. 
The decrease in the indraught from the ea&tem quadrant due to the 
action of the Burmese and Arakan coasts continued. The whirl began 
to diminish in intensity, and also recurved slightly after noon of the 13th, 
and passed to the north-north-eastward, thus approaching the Burmese 
and Arakan coasts. On the morning of the 14th, it was much enfeebled. 
The barometric depression was smaller in amount, the winds weaker, 
the rainfall more difEuse and less localised, and the sea less violent. 
Moreover, the directions of the winds were so irregular over the area of 
barometric depression as to suggest the existence of several imperfect 
and feeble vortices, rather than of one large and well-defined whirl. 
The centre of the depression was in the neighbourhood of Akyab on the 
morning of the 14th. The land observations at 4 p. m. of that day 
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indicate that the cyolonio circulation was completely broken up, and that 
fine weather, with moderate winds, and a slight sea, obtained at that hour 
in the north-east of the Bay, over which the cyclone had previously 
advanced. The disturbance passed so completely away on the 14th that 
normal north-easterly winds were re-established over the greater part, 
if not the whole, of the Bay, on the morning of the 15th. The storm 
hence was generated and dispersed between the morning of the 10th 
and the evening of the 14th. 

The following are a few of the more important points in connection 
with this cyclone. 

One of the more remarkable features, which has already been dis- 
cussed, but which deserves special mention, was the change which 
occurred when the cyclone approached the Burmese coast. Whatever the 
explanation may be, there can be no doubt of the facts. 

The following table gives approximately the position of the centre at 
noon on the various days, and the distance passed over by it in the 
preceding 24 hours : — 



Position of Centre. 



Latitude. 



11th 
12th 
13th 
14th 



13° 30' 
15° 30' 
16° 10' 



20° 0' 



Longitude. 



Distance passed 
over in pre- 
ceding 24 
hours. 



94° 15' 



93° 0' 



93° 0' 



93° 30' 



160 miles. 



47 



» 



275 „ 



It will thus be seen that, between noon of the 12th and 13th, tho 
storm centre began to recurve, and only advanced a distance of about 
50 miles, as compared with 160 miles during the previous 24 hours, and 
275 during the succeeding 24 hours. The only apparent explanation 
depends on what I have already suggested as probable, namely, that the 
cyclonic action extends through very different heights in different 
storms. In tho storms of the rains proper, it is almost certain tliat tho 
condensation, and therefore the seat of the disturbance, is at a much 
greater elevation than it is in storms formed during tho October Tran- 
sition period. In the latter case, the storms appear to be generat-ed 



176 J. Eliot— TJte South- West Monsoon Storms [No. 2, 

near tho northern limit of the retreating sonth-west monsoon current, 
which is at that period diminishing in strength. It is probably much 
shallower at its northern limits than elsewhere. Many of the pheno- 
mena of the cyclones of the Bay appear to be intelligible and explicable 
only on this supposition. 

If it be granted that the October and November storms of the Bay 
of Bengal are formed near the northern edge of a diminishing and 
retreating current, it is hence almost certain that the vapour condensa- 
tion, in the case of the November cyclone under discussion, occurred at 
a comparatively small height in the atmosphere, and that the resulting 
motion was mainly confined to the lower strata. Hence the effects due 
to f notion with land, and to the destructive or disintegrating action of the 
hill barriers of Burmah and Arakan cutting almost radially across the 
cyclonic area, would be large and marked. This was undoubtedly the case. 
So long as the cyclone was to the south of the Burmah coast, the cyclone 
increased in intensity. When the centre was in a line with the coast, 
and at a short distance from it, retardation was at once shown, and the 
cyclonic or vorticose motion began to diminish. And as the centre 
advanced northwards, so that the Arakan hills (of greater height than 
the west Burmese hills) were included within the area of disturbance, 
the disintegrating action became rapidly more marked, and caused a 
speedy disruption of the vortex. 

A feature which deserves special notice in the smaller cyclonic 
storms of the Bay is the behaviour of the barometer. The barometer 
affords practically no indication of the approach of a small cyclonic 
storm in tho Bay, and should not bo trusted by the mariner to give due 
warning. Tho reason of this is simple. A favourable condition ante- 
cedent to the formation of a storm is approximate uniformity of pressure 
over tho whole or a large portion of the Bay. If a small atmospheric 
whirl be sot up in an almost quiescent mass of air, which is therefore 
under nearly identical and uniform conditions, it produces a small de- 
pression at and near the centre, which extends slowly outwards. The 
fall of the barometer at distances of 80 or 100 miles from the centre 
is generally small in amount, and is frequently less than the clianges due 
to general actions common to the whole of India. The depression at 
the centre rarely exceeds half an inch, and steep baric gradients are 
confined to its immediate neighbourhood. Over the rest of the Bay, 
tho pressure is slightly affected by the indraught, but frequently not 
to such an extent as to obscure the changes going on over the whole 
of India. In other words, during the foiination and existence of a 
small storm, the barometer immediately outside of the storm area pro- 
per oscillates in obedience to the larger atmospheric movements com- 
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mon to the whole of India, as well as to the distant storm, and hence, if 
used as a guide to the weather, it should be remembered that its indica- 
tion maj refer mainly to these general movements, and not to the whirl 
in the neighbourhood. Hence it cannot be used as a reliable guide to 
the existence of small storms in the Bay of Bengal. 

A few examples from the present cyclone will not only indicate 
that the barometer gives no certain and marked warning of the approach 
of a smaller cyclone in the Bay, but suggest that the mariner in the Bay 
of Bengal should rely mainly on the appearance of the sky, the strength 
and changes of the wind, the amount of the swell, and the direction from 
which it travels, as indications of an approaching storm. 

The Mount Stuart passed through the western quadrant. The fol- 
lowing table gives her barometric readings, her position with respect 
to the storm centre, strength of wind, and amount of swell : — 







. 




Distance 






Barometer. 


Wind. 


Swell. 


of storm 
centre. 


Weather. 


7th 


29-90 


2to3 


None 


••• 


Unsettled. 


8th 


•92 


lto4 


None 


••• 


Unsettled. 


9th 


•87 


0to3 


None 


..• 


Unsettled. 


10th ... 


•86 


0to4 


None 


... 


Unsettled. 


11th ... 


•82 


2to5 


None 


250 


Weather looking 
very bad. 


12th ... 


•75 


5to6 


. •• 


100 


Squaily. 


13th ... 


•87 


5to6 


Heavy sea. 


125 


Squally. 


14th ... 


•89 


5tol 


Heavy. 


280 


Fine. 



The preceding table shows that, although she was within 100 miles 
of the centre of a storm between the 10th and 14th, the range of the 
barometer at noon during the whole interval was only '14", or very little 
more than the diurnal range of the barometer in the Bay. 

The Bancoora may be taken for another example : — 





Barometer. 


Dist- 
ance. 


Wind. 


Swell. 


Weather. 


11th ... 


29-887 


550 


2 to 4 


None. 


Fine. 


r2th ... 


•805 


250 


4to5 


Heavy N. B. sea. 


Squally. 


13th ... 


•770 


70 


3to7 


Tremendous sea in 
the morning. Heavy 
sea during the after- 
noon. 


Very squally 


14th ... 


•a39 


280 


2to3 


Heavy sea. 


Improving. 
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The above shows that the Bancoora, which left the River Hooghl j on 
the 11th, approached within 70 miles of the centre of the cjclone at 
noon of the 13th. She had Heavy squalls and a tremendous sea, and 
yet the total range of her barometer, as determined by the noon observa- 
tions, was only '117", or actually less than the diurnal range of the 
barometer in the Bay. 

The Satara furnishes equally strong evidence. She was for a con- 
siderable time in the eastern quadrant of the cyclone at no great distance 
from the centre, and hence felt the full force of the storm. 





Barometer. 


Dist- 
ance. 


Wind. 


Swell. 


Weather. 


10th ... 


29^89 




2to5 


None. 


Fine. 


11th ... 


•80 


250 


4to6 


Heavy sea. 


Oale. Heavy sqoalls. 


12th ... 


•61 


90 


9 


Heavy sea. 


Hard gale. 


13th ... 


•68 


35 


8to9 


Heavy sea. 


Strong gale. 



The preceding observations show that on the 11th, when the state 
of the sea and the strength of the wind indicated the existence of a 
cyclonic storm, her barometer had not hMen a tenth of an inch. It 
was only on the 12th, when she was in the midst of the storm, and the 
wind had increased to force 9, and was blowing a hard gale, that the 
barometer began to fall to any considerable extent. 

These examples appear to establish that the barometric movements 
are very small in the outer portion of the smaller cyclonic disturbances of 
the Bay, and are generally smaller than those due to the regular changes 
common to the whole of India. Hence the barometer gives little or no 
practical warning of the approach of a small cyclone in the Bay, and 
mariners should therefore rely mainly on other indications. 

The path of the cyclone was contraiy to all recorded experience 
of storms in the Martaban Gulf. The following is the list of storms 
that have been known to occur in that portion of the Bay, taken 
from Mr. Blanford's Catalogue of the recorded Cyclones in tho Bay of 
Bengal, up to the end of 1876, in Joum. As. Soc., Bengal, 1876, 
Vol. XLVI, Pt. II :— 

1840— November 21st. To the N. E. of the Andaraans. 

18Jjl!— November 9th— Uth. East of the Andamans. Encountered by 
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the Briton and Bunnjmede troop ships. Both vessels were dismasted 

and thrown on the Andamans. 
1850 — November 17th — 19th. In the A/idaman Sea. Passed east of 

Port Blair and travelled N. N. W. 
1854 — ^April 2l8t — 23rd. A violent hurricane in the Gulf of Martaban 

and Rangoon. 
1858 — April 9th — 10th. A storm from the Andamans to Cape Negrais. 

Much destmction of property occurred at Henzada and Rangoon, 

between which the centre passed. 

There is no direct evidence in this list that any of these storms 
passed from the Martaban Gulf into the Bay of Bengal. It is, however, 
probable that the third storm in the list did so. It appears to be parallel 
in time of occurrence, and line of advance, with the storm under discussion. 
There is no apparent theoretical reason in support of the opinion that 
a storm generated in the Gulf of Martaban should not pass into the Bay. 
Experience certainly appears to indicate that such a line of motion is 
very rare. The great majority of the cyclonic storms in the Gulf of 
Martaban are generated to the east of the Andamans and north-cast of 
the Nicobars, and advance in a general northerly direction across the 
south coast of Burmah, when they rapidly break up. 

Hence, although experience is doubtless valuable in indicating the 
probabilities of the occurrence of cyclones, and their line of motion, it 
should be most carefully borne in mind, that they are mere probabilities 
based, at the present time, on very limited experience, and that it 
would almost certainly be misleading and dangerous to dogmatize our 
limited experience into rules or laws, which might fail on their first 
application. 

Another feature deserving notice was the short period of its exist- 
ence. Favourable conditions, according to the condensation theory, were 
present for some days previous to the 10th. The log of the Kwang Tung 
for the 7th proves that there was no cyclonic vortex in existence in the 
Andaman Sea on that day. The various observations of the 8th and 9th 
indicate that cyclonic motion on a considerable scale had not commenced 
on either of these days. The observations of the 10th, on the other 
hand, establish the existence of a small depression on that day which 
rapidly developed into a large atmospheric whirl. Hence the existence 
of the cyclonic vortex dates from the evening of the 9th, or morning of 
the 10th. The circulation intensified and developed rapidly on the 
evening of the 10th and morning of the 11th, so that there was a largo 
barometric depression and cyclonic circulation on that day, to the north- 
east of the A'yl^^TTiAn^. The cyclone was then moving north-westwards. 
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It contimied to accumulate energy nntil the morning of the 12th, when 
the action of the land on the atmospheric motion in the eastern and 
north-eastern portions of the cyclone retarded the advance of the vortex, 
and began to influence the cyclonic motion considerably. This proceeded 
at first slowly, but, as the storm moved northwards, the destructive effect 
of the Burmese and Arakan hills increased, so that the rotatory motion 
was gradually and completely broken up and disintegrated before tho 
afternoon of the 14th, in the neighbourhood of Akyab. There was thus 
a period of about 48 hours, from the morning of the 10th to that of 
the 12th, during which the storm accumulated energy. During the next 
24 hours, the rotatory motion continued almost undiminished, whilst the 
motion of translation was largely decreased. During the remaining 36 
hours of its existence, the vorticose or rotatory motion was gradually 
diminished. 

The force of the winds at and near the centre (which might perhaps 
be used to measure the intensity of the storm) depends mainly upon tho 
strength of the atmospheric disturbance producing the cyclonic motion, 
that is, upon the rate at which aqueous vapour is condensed into rain 
and upon the character and distribution of the rainfall (i. e., whether it ia 
localized and concentrated over a comparatively small area or diffused) . 
On the other hand, the extent of area over which the cyclonic dis- 
turbance extends appears to depend mainly, if not entirely, upon the 
length of time that has elapsed from its formation, and during which it 
has advanced over the sea area uninfluenced by the land. Hence it ia 
that the most extensive cyclones have been generated in the centre of the 
Bay, near tho Andamans, and have advanced northwards to the Bengal 
coast. This is not due to any meteorological peculiarity of the Bay in 
the neighbourhood of the Andamans, but to the fact that a cyclone 
generated there, and advancing northwards, takes a longer time to reach 
the land than if it were formed in any other part of the Bay, and has 
therefore a longer period during which its energy can increase. 

CHAPTER V. 

Concluding Remarks on the Condensation Theory. 

In the preceding pages, all the observations throwing light on the 
two largest and most severe storms in the Bay of Bengal during the 
year 1883 have been given, together with a discussion of their more im» 
portant features. It remains to explain the chief features of the two 
storms as physical phenomena, and hence also to suggest the theory of 
cyclonic generation and motion which appears to be applicable to them, 
and is consistent with our knowledge of the physics of the atmosphere. 
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In both examples, the greater portion of the mass of air that was thrown 
into a state of violent motion dnring the storm was for some days ante- 
cedent to the disturbances almost at rest^ and in a state of approximate 
eqoilibriam: There was a break in the rains immediately preceding the 
formation of the first storm, which is well-known to be a period of light 
and unsteady winds in Bengal, and over the Head of the Bay. The second 
storm occurred very shortly after the first break in the north-east mon- 
soon rains on the Coromandel coast, and when, as the various observations 
prove, winds were veiy light and variable over the greater portion of the 
Bay. Hence the first and most striking feature of these cyclones was, 
that a vast amount of kinetic energy, or motion, was rapidly given to a 
large mass of air which, previously to that action, was in an almost quies- 
cent state. The gradual increase of the motion was in those two examples 
proved from observations taken by vessels passing through the areas of 
disturbance. The transformation from the state of approximate quiescence 
to that of violent cyclonic motion in the Bay is consequently a continu- 
ous process, the successive stages of which can be fully traced. And the 
entire development of these, and of all storms in the Bay of Bengal, 
appears to be due to actions occurring over the Bay itself, and not to 
atmospheric conditions at a considerable distance from the area of 
cyclonic disturbance. 

The question of cyclone generation is therefore essentially one of 
transfer "of energy. Viewed in this light there are two subjects for 

enquiry : — 

Ist. The source and character of the energy which is transferred 
to the atmosphere, and transformed into the kinetic energy of a mass of 
air. 

2nd. The conditions necessary for the transfer of energy under 
consideration. 

If these two questions are fully answered, a satisfactory explanation 
will be given of cyclonic generation as a meteorological problem. The 
complete mathematical treatment of this subject as a dynamical question 
is beyond the scope of the present article. 

The energy which is transformed during the generation and exis- 
tence of a cyclone, and which maintains the cyclonic circulation against 
the various resistances opposing it, and therefore tending to disinte- 
grate it, is undoubtedly the latent heat energy given out during the 
condensation of aqacous vapour contained in the atmosphere. In all 
cyclones of the Bay of Bengal tliat have hitherto been investigated, 
heavy and, in the majority of cases, torrential rain is the most pro- 
minent feature. It increases in amount during the genonition of the 
cyclone, is excessive during the existence of the cyclone in its complete 
24 
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form, and rapidly decreases during the disintegration of the cyclone, 
ceasing with the disappearance of the cyclonic vortex. It is thus a 
phenomenon parallel in character: and duration with the cyclonic motion 
or disturbance. 

It is also equally certain that when aqueous vapour is condensed 
into rain, practically the whole of the solar thermal energy utilised to 
perform the work of evaporation is given out by the mass of vapour 
during condensation, and is transferred to the adjacent mass of air. 
Major Cunningham's Hydraulic Experiments at Boorkee appear to 
establish that the sun*s heat under the most favourable conditions, that 
is, dry weather and high air temperature, does not evaporate more than 
one-tenth of an inch per diem from the sur&tce of slowly moving water. 
The inverse process of condensation, in consequence of certain featuroB 
of air motion dependent on rainfall, usually proceeds much more 
rapidly, and frequently restores the aqueous vapour in the form of 
rain to the earth's suribce at the rate of one to two inches per hoar. 
Prolonged rain&U at the rate of 10 to 30 inches per diem for periods 
V-arying from 24 to 72 hours are by no means uncommon during the 
passage of the larger cyclones of the Bay of Bengal across the Bengal 
or Madras coasts. It is probable, judging from the expressions used far 
sailors to describe the rainfall during cyclones in the Bay, that it is more 
intense and prolonged than on land. 

If we therefore compare the rates at which evaporation and condenia- 
tion can occur, it is certain that the energy released during the act of con- 
densation is transferred to the atmosphere with very great rapidity during 
heavy rainfall and probably at a rate occasionally amounting to 100, 200, 
or even 400 times that at which it was absorbed during the process 
of evaporation. The effect of a continuous fall of 20 or 30 inches of 
rain over any portion of the earth's surface would, on the assumption 
of Major Cunningham's results, be equivalent to that of a sun 250 times 
as powerful as our present luminary acting directly on the mass of 
the atmosphere above the area of rainfall, instead of indirectly by means 
of convection currents due to the heating of the earth's land surface. 
The action is also usually continuous, and is not interrupted, as in the 
case of the direct solar action, by the succession of night and day. 
There is therefore the strongest probability that so powerful a disturbing^ 
action can produce very large and rapidly accumulating effects on the 
mass of the earth's atmosphere affected and influenced by it in a com* 
paratively short space of time. 

There hence appears to be no doubt that the energy transferred to 
the atmosphere during heavy rainfall is very large, and that the sooFoa 
of the energy thus indicated is adequate from every point of vieir to 
account for the production of the largest and most intense cyclonic oir* 
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culations. Other causes of the origin of cyclones have been assigned, 
as, for instance, differences of pressure, friction between parallel winds 
blowing from opposite directions, &c., but the slightest consideration seems 
to show that none of these is sufficient to account for the enormous and 
continuous transfer of energy that occurs during the prolonged existence 
of a large cyclone. The strongest argument against these theories, in the 
case of cyclones of the Bay of Bengal, is, that experience has established 
that the larger the cyclone, the smaller are the antecedent differences of 
pressure, and the feebler are the winds blowing from opposite directions, 
immediately before the formation of the cyclonic vortex. 

The following statements based on the preceding remarks hence give 
the answer to the first part of the required explanation. When water is 
converted into aqueous vapour on the large scale at the earth's surface, 
thermal energy, derived from the sun, performs the work of evaporation, 
and is hence transformed. The aqueous vapour thus produced possesses an 
equivalent amount of energy, the greater part, if not the whole, of which 
it retains, so long as it continues in the vaporous condition. When it Ls 
reconverted into water, or condensed as rain, this portion of its total 
energy is given out, and transferred to the air. The modus operandi 
of this transfer is a matter of no importance in the present enquiry. 
Also, in all cases when the rainfall is heavy, and prolonged for a con- 
siderable time, the energy is given out at a much more rapid rate 
than that at which it was absorbed during the process of evaporation. 
Hence heavy and prolonged rainfall may give rise to a powerful, persis- 
tent, and continuously accumulating disturbance on the adjacent atmos- 
phere, and, therefore, produce violent and extensive air motion. In virtue 
of the constitution of the atmosphere, the motion will be rotatory. Pro- 
longed heavy local rainfall is hence an adequate and sufficient cause. It 
is, moreover, the only known cause which is equal or similar in amount 
to the effect, and hence there are strong reasons for assuming that it is the 
motive power which produces the peculiar motion of the atmosphere called 
cyclonic circulation on the large scale. It is, in fact, the most powerful 
disturbing action to which the air is subject, and the consequent motion 
of the air is, when the rainfall and consequent disturbance are excessive, 
the most violent in its cliaracter with which we are acquainted. 

The history of the two cyclones has shewn most fully that heavy 
rainfall over the area of cyclonic motion or disturbance was a charac- 
teristic feature, and that in this respect they confirm previous experience. 
Hence the source of the energy of these two cyclones was almost cer- 
tainly that which we have indicated in the previous statement, that is 
the latent heat energy of the aqueous vapour derived previously from 
the sun, and transferred to the atmosphere during the process of con- 
densation« 
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As rainfall does not always appear to produce cyclonic motion, it is 
clear that, although rainfall may be the source of energy, it is only when 
the rainfall occurs under special conditions that the accompanying air 
motion increases and accumulates in the peculiar manner necessary 
to give rise to a large and intense cyclonic circulation. Experience 
has shown that the following conditions, which can be proved to have 
a direct bearing on the formation of cyclones, are always present before 
and during the generation of cyclones in the Bay of Bengal : — 

1st. The establishment and prevalence of a humid current over the 
extreme south of the Bay, which brings up large quantities of aqueous 
vapour into the centre or north of the Bay. 

2nd. The occurrence of approximate uniformity of meteorological 
conditions, more especially of pressure, over the coasts of the Bay, and, 
frequently over a considerable portion of the Bay. 

3rd. The prevalence of light and variable winds over Bengal and 
the coasts of the Bay, and over a considerable portion of the Bay extend- 
ing from the Bengal coast southwards. This condition is practically 
identical with the previous, as both are due to, and accompany, the same 
general atmospheric conditions. 

4th. The absence of rainfall, and the prevalence of clear skies with 
fine weather, over the north and centre of the Bay, and in Bengal. 

The relative importance of these conditions will be evident on very 
brief*consideration. The first is evidently necessary to supply the aque- 
ous vapour in sufficiently large amounts to give rise to continuous heavy 
minfall over such a large area as is covered by a considerable cyclonic 
disturbance. The Bay of Bengal is not a large enough evaporating area 
to afford such a supply. Hence cyclonic storms are only formed in the 
Bay of Bengal when there is a humid current blowing into it from 
the Indian Ocean. This occurs only during the south-west mon- 
soon period, when the south-west winds blowing at the entrance of 
the Bay are the northward continuation beyond the Equator of the south- 
east Trade Winds of the Southern Tropics. That such is the case is 
sufficiently proved by the fact that cyclonic storms on the large scale 
are entirely restricted to that portion of the year when south-west mon- 
soon winds are blowing over a part or the whole of the Bay, that is, from 
the beginning of May to the end of December. It is also shown by the 
fact that, at the commencement and termination of the south-west mon- 
soon period, any cyclones that are generated, form in the south of the 
Bay, whilst in the months of July and August, or during the height of 
the south-west monsoon, they form near the Head of the Bay. In short, 
the area of cyclonic generation in the Bay of Bengal depends mainly 
upon the season, and travels northwards or southwards, according as the 
south- west monsoon is advancing or retreating over the Bay. 
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The remaining conditions appear to be necessary in order that the 
rainfall may occur in such a manner as to give rise to and produce an 
atmospheric whirl. It is evident that if rainfall tends to set up rotatory 
motion in the air, it is absolutely necessary for rotatory motion on the 
large scale that there should not be several separate centres of rainfall 
and disturbance, each producing its own rotatory or cyclonic action, and 
therefore interfering with the others. It is essential that the rainfall 
should be localized and concentrated, that it should continue for some 
time over a comparatively small area, and be confined to that area. The 
more perfectly this is realized, and the longer this continues, the greater 
will be the accumulated disturbance. In order that the rainfall may 
occur over the same area for such a considerable period as to permit of 
the continuous accumulation of action, it is evident that ascensional 
motion should mainly occur there, and hence that, previously, there should 
be little horizontal motion of the air, and therefore veiy slight differences 
of pressure at the sea level. The necessity for the further conditions 
is hence also evident. 

It will be seen that these conditions were fulfilled in the case of 
both storms, more completely (as might have been anticipated) in the 
case of the second storm, when the south-west monsoon current was 
weaker than it was at the time of the first storm. The history and 
discussion thus fuUy bear out the existence of the conditions immediately 
antecedent to the two storms which the condensation theory asserts to be 
necessary for the initiation and generation of a cyclonic storm in the 
Bay. 

The preceding remarks hence indicate that the energy given out 
during the process of aqueous vapour condensation on the large scale is 
the motive power of cyclones, and that the rain&Il must be localized and 
concentrated over a considerable area, for a period of one or more 
days, in order to produce the continuous and rapid accumulation of 
energy which characterizes a large cyclonic disturbance. Experience has 
also shown that the conditions which the condensation theory suggests 
as being essential for the occurrence of continuous and prolonged local 
rainfall over a portion of the Bay are exactly those which are present 
before and during all cyclonic storms in the Bay of Bengal, and that they 
are more fully marked before the occurrence of the larger than of the 
smaller cyclones of the Bay. It is, moreover, these antecedent conditions 
which form the only test or indication of the possible or probable early 
formation of cyclones in the Bay, and which are utilized in the preparation 
of the daily weather Reports issued by the India and Bengal Meteorolo- 
gical Departments. 



18G J. Eliot — Tlie South-West Monsoon Storms of the Bay of Bengal. 



EXPLANATION OF PLATES II— X. 

The plates give the weather 5hart8 for each day daring the whole period 
covered by the two Btorms of 1883 described in the preceding pages. The carved 
lines or isobars indicate the distribaiion of pressore. Along any one of these lines, 
the estimated air pressare at the searlevel (as determined from the reading of the 
barometer) is the same. Hence no change of pressare occars along these lines, and 
the change of pressare is greatest perpendicalarly across these lines. The rate of 
change is most rapid where the lines are nearest together. As the difference of air 
pressare between consecative lines is the same, the rate of increase or decrease of 
pressare is inversely proportional to the distance between consecative lines. The 
isobars form closed carves aboat the centre of a cyclonic distarbance. Hence the 
position of the cyclonic vortex on any day is at once determined by an inspection of 
the charts. The probable path is determined by joining these positions by lines. 
The direction of the air motion near the earth's sarface is determined by the winds, 
which are shown by arrows flying with the wind, or pointing to the direction 
towards which the moving air is advancing. Small circles ( o ) indicate a calm at 
the hoar of observation. 

The charts give the distribation of prossaro and wind directions at 10 A. M. of 
each day. They are based on the 10 ▲. m. observations taken at the land meteoro- 
logical stations, and on the 8 ▲. M. or noon observations taken on board the ships 
which have famished logs of the weather experienced by them in the Bay daring 
either storm, allowance being made, wherever at is possible, for the difference of time 
between the two sets of observations. 
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To the coal-miner, or to the mere geological surveyor, the exact corre- 
lation of the rocks in different parts of the world is of little importance. 
Little does the mine-owner reck of whether his coal does or does not be- 
long to the carboniferous era so long as it is saleable at a profit, nor need 
the geologist, asked to survey and report on a coalfield, trouble his head 
about this ; but, to one who would unravel the physics or the history of 
the earth, the solution of this problem may well be of paramount impor- 
£ance, though unfortunately often impossible of attainment ; generally, 
one might almost say always, he has to depend on fossils, but the answers 
these give are often contradictory or Delphic in their obscurity ; at no 
time should they be too literally interpreted, but, like the cutcherry 
gong in an Indian station, must be made the most of as the only 
available substitute for a more accurate timepiece. But just as in 
this city where there are many thousand timepieces of various descrip- 
tions, of which probably no two keep identical time, every day the time- 
ball falls and the signal gun is fired to let all who may be concerned 
know that it is one o'clock ; so in the past time-signals have been given 
throughout the earth, by which we can determine the contemporaneity 
of the strata in which their records have been preserved. Of this nature 
would be a wide spread glacial epoch comparable to that which in the 
25 
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recent past has affected both hemispheres of the globe, but, as there is 
reason to believe that snch have occurred at various periods in the 
history of the earth, we ara dependent on the otherwise less accurate 
palaoontological evidence for determining whether the strata shewing 
signs of glacial action can have been deposited at the same period or 
must belong to widely separated geological epochs. 

There can be no doubt tliat of all forms of palaeontological evidence 
the most trustworthy is that afforded by the marine mollusca. Inha- 
biting as they do an element of more uniform temperature, and of 
which every part is in continuous if circuitous connection with the rest, 
it is but natui*al that they should be more uniform in character than the 
fauna of the land, while the simplicity of their structure, greater than 
that found among vertebrates or higher invertebrates, renders them less 
liable to change through alteration of the conditions under which they 
live. On the other hand, this very stability of organism renders them 
useless for the exact correlation of strata far separated from each other ; 
for mere determination of homotaxy, even did this exist in the sense in 
which the term was originally intended to bear, would be but of little value 
to the physical geologist, to whom the terms * Jurassic ' or * Carbonifer- 
ous,' if determined merely on palaBontological grounds, are as meaningless, 
for determination of dates in the history of the earth, as the analogous 
terms * Stone Age * and * Bronze Age ' are for determining periods in 
the history of the human race. 

But, if the evidence afforded by marine mollusca is not sufficiently 
accurate and trustworthy, how much more is this true of that afforded 
by the terrestrial fauna and flora. True, the duration of the existence of 
a species of cycad, conifer, and, possibly, even a fern may be shorter on 
the average than that of a species of mollusc, and to this extent it may 
be a more accurate index of contemporaneity ; but it is comparatively 
seldom that identical species are found in far separated deposits, and 
palaeontologists have consequently to depend mainly on what are called 
* allied species.' Now the hard parts of animals, which in almost every 
case are all that are preserved to us, give, for the most part, a very 
true and real indication of the affinity of the animal to which they 
belonged, while, from the leaf of a tree or the frond — generally barren 
or with the fructification obliterated in fossilization^-of a fern, little or 
nothing can be gleaned of the relationship of the plant to which it origi- 
nally belonged ; thus no one would doubt that two specimens of Terehra- 
tula or Ammonite, declared by a competent palaeontologist to belong to 
the same species, would, if we could recover their soft parts, still prove to 
belong to the same or very closely alHed species, while, on the other hand, 
we have lately been informed, by a palaeobotanist whose competence none 
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can doubt, that the Indian and Australian forms of the celebrated 
Olossopteru hrowniana, long believed to belong to the same species, 
differ so widely in their fructification that it is doubtful whether they 
can be included in the same family, and that they must certainly belong 
to different genera.* 

As an instance of uncertainty of palaBontological evidence, I need only 
quote the well-known case of the Umia and Katrol beds of Kutch, where 
beds containing a flora with a well-marked Lower Oolite facies overlie 
other beds in which the fauna is equally distinctly Upper Oolite in type ; 
another case that might be quoted is that of the Rajmahal and Darauda 
floras ; in the Rajmahal flora, there are, out of 47 speciesf in all, 26 which 
are identical with or allied toj European species : of these, fifteen are 
represented in the Rhrotic beds of Europe, one species being hardly 
distinguishable from the P^uropean form : seven are represented by 
Palfeozoic species, two belonging to an exclusively Palaeozoic genua 
(Eremopteris), while another (Macrotceniopteris lata) is, on Dr. Feistman- 
tel's own admission, so like the Permian Tmniopteris abnormis as to be 
almost undistinguisliable : two species only are allied to Liassic forms, 
and of these one is also represented in the Rhajtic : five species are re- 
presented in the Lower Oolite of p]urope, two by identical forms, while, of 
the other three, one is also related to a Carboniferous, and the other 
two to Rhastic, species. From this, an impartial observer would be in- 
clined to place the flora as certainly not later tlian Rhaotic, but, as on tliis 
point the talented palaeontologist of the Geological Survey has expressed 
a very positive opinion that the flora is Liassic in facies, I must perforce 

• Palseontolopria Indica, Fossil Flora of the Lower Qondwanas, Vol. Ill, p. 103 
In this connection, I may quote Dr. Foistmantel as follows : — after noting the difference 
in the fructification of the two forms, ho adds ' so that I would be quite justified in 
placing these in a separate genus altogether and thus disposing of the difficulty in 
determining the age of our Damuda series owing to the correlation of the Indian 
Australian species." An easy way of ' disposing of the difficulty ' forsooth, but ray 
colleague can hardly have perceived the full force of these words when he penned 
them, for, carried to their legitimate conclusion, they cut away the ground on which 
alone pala)obotanists can base their claim for the acceptance of fossil plants as a 
moans of correlating distant deposits. The lesson to be learnt is rather that the 
conclusions of even the ablest palieobotanists must, owing to the nature of the 
material they have to work with, be received with caution, and that generic and specific 
names of fossil plants do not necessarily represent any real affinity, and that in some 
cases the latter and in most cases the former are names merely and nothing more. 

t Here and elsewhere, except where the reverse is distinctly stated, I owe my 
puIaH)ntological facts to Dr. O. Feistmanters writings in the publications of the 
Geological Survey of India. 

X I use this terra in the same sense as it is used by palseobotanists ; it may 
well be that some of these ' allied apecies ' liuve uo real cotiuuctioa wiih each other. 
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bow to his opinion, a feat I can the more easily perform that the exact 
determination of the age of the Bajmahal series is irrelevant to my 
present purpose, this being mQrely to point out that the flora, judged by 
European standards, is of an extremely heterogeneous character. 

Turning now to the Damudas, we find that, out of a total 63 species, 
only twenty shew any affinity to European forms : of these, six are repre- 
sented by RhaBtic species, two of which are identical in Europe and in 
India : eight are represented in Jurassic beds, one being identical with a 
species from the Yorkshire Oolite, and two have their nearest allies among 
living forms : while, of those which are related to species older than the 
RhsBtic, two are represented in the Permian, and two only are repre- 
sented by allied species in the Trias. The flora of the Damudas is thus 
seen to be as heterogeneous in its character as that of the Rajmahals and, 
like that of the latter, would naturally be attributed to a RhaBtic age, yet 
the two series are not merely separated by a break in the stratification, but 
the two floras are so contrasted in their characters that, whereas the 
Damuda flora is almost exclusively composed of ferns, that of the Raj- 
mahals is markedly the preponderance of cycads, and, of all the Rajma- 
hal species, three only are represented in the Damudas and those by 
" allied species.** These beds have been classed by Dr. Feistmantel as 
Ti-iassic, and the probabilities in favour of their being contemporaneous 
in the Trias of Europe are about the same as those in favour of a Liassic 
age for the Rajmahals or a Rheetic age for either of the two, but this 
is all that can safely be said. 

Turning now to the Kach flora, which, whether we judge from the 
associated marine fauna or from the flora itself, is of Oolitic age, we 
find, out of a total of 27 (excluding AlgaB) species, 18 are represented by 
identical or allied species in Europe, four are identical with European 
Oijlitic species, of which, however, one ranges down to the Rhastic, nine 
more forms are related to European Oolitic species, while four only are 
related to species older than the Oolite and in two cases at least the re- 
lationship is not very close ; we have here, then, a much closer relation 
with a definite European flora than is the case with the Damuda and 
Rajmahal beds, and this, as I shall presently shew, is of considerable im- 
portance in unravelling the history of the Gondwana age. 

In Australia, there is a series of plant-bearing beds whose flora shews 
many affinities with that of the Indian Gondwanas, but which range over 
a more extensive period of time, and are marked, both at their upper and 
at their lower limits, by the association of the plants with marine fossils.* 

• Conf. principally Rev. W. B. Clarke, Remarks on the Sedimentary forma- 
tions of New South Wales, 4th edition, and Dr. 0. Feistmantel in PaloBOfUographica, 
1878 (Appendix). 
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At the base of the series, are beds whose marine fauna indicates a 
Devonian age ; above these, come beds which contain a flora consisting 
principally of such genera as Lepidodendrpn, Bhacopteris, and Catamites, 
among which occurs a single species of Olossopteris.* Above these, but 
still below beds in wliich a marine fauna of Carboniferous type is found, 
there is a flora which, judged by European standards, is Mezozoic in 
facies. At the top of the Newcastle series, to which the beds just men- 
tioned belong, a more abundant flora is found, which presents many re- 
lationships to that of our Indian Damudas : in both, Olossopteris is a do- 
minant type, both contain the Olossopteris browniana and two other 
species allied to Damn da forms : Sphenopteris, which in the New- 
castle beds is represented by six species, is only represented in the 
Damudas by one (S. polymorpha, Fstm.), which, however, is said to be 
more closely allied to the Australian S. alata than to any European 
form : the only species of Phyllotheca is allied to the Damuda P. indica, 
and the common occurrence of Vertehraria in both is another link. That 
this relationship is not so close as was at one time believed, I readily 
admit, but nevertheless the relationship is real, and, though it may be 
presumptuous to express an opinion at variance with that of the 
talented palaeontologist of the Geological Survey of India, I must say 
that to me the relationship seems far closer than that which unites 
the Damudas to the Trias of Europe. 

Above the Newcastle beds, come the Hawskbury beds, which have 
yielded but two species of ferns, one of which (Sphenopteris alata, Bgt.), 
however, is allied to a Damuda species. Above the Hawksbury, come 
the Wianamatta beds, which have yielded six species of plants, no 
less than three of which are allied to Damuda forms. 

It is thus evidently impossible to correlate, on palseontological 
grounds alone, these beds directly with any of our Indian horizons, but, 
like the Indian Talchirs, the Hawksbury beds contain certain beds of fine 
clay through which boulders of all sizes are scattered promiscuously in 
a manner that can only be attributed to the agency of floating ice. In 
Victoria, there are beds which similarly indicate the existence of a severe 
climate at the time of their deposition, and these — the Bacchus Marsh beds 
— have yielded three species of Gangamopteris, of which one is identical 
with, and the other two are closely allied to, Talchir species. The Bacchus 
Marsh beds have not yielded a single species common to themselves and 
to the Hawksbury beds, but this is of little importance, as it is impossible 
to suppose that the entire flora of the Bacchus Marsh period consisted 

* There is some doubt attaching to the correctness of this statement. The 
Olossopteris was obtained from a different locality and possibly from a newer series 
of beds than the others. 
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of three species of OangamopteriSf or that of the Hawksbury period to 
have been limited to two species of ferns. But, if not directly referable 
to the same epoch by their contained fossils, there can be no doubt that 
they are on the same horizon, for, in the uppermost beds of the Newcastle 
series, two species of Gangdmopteris are found, one identical with, and the 
other allied to, species from the Bacchus Marsh sandstones of Victoria, 
while the beds above the Hawksbury series in New South Wales can be 
correlated with those which overlie the Bacchus Marsh beds in Victoria 
by the occurrence of Pecopterts australis, Morr. and Tcenopteris daintreei^ 
McCoy in both. The presence of beds indicating glacial action in 
both and the absence of similar beds in the associated strata further 
prove their absolute contemporaneity ; and by an extension of the same 
reasoning we may assign the Talchirs of India to the same glacial epoch. 

The paleBontological relations of the Gondwanas with the E^aroo and 
Uitenhage series of South Africa are much simpler than with the Austra- 
lian formations. From the upper part of the Karoo beds, which uncon- 
f ormably overlie strata containing an Upper Palesozoic fauna, a limited flora 
of but five species has been obtained. Of these five, one is Glossopteris brow- 
niana, another, Dictyopteris ? simplex, Tate, is, according to Dr. Feist- 
mantel, allied to Glossopteris damudica, Fstm., and Bubidgea mackayi is, 
on the same authority, probably a Gangamopteris ; in addition to these, Tate 
gives a species of Phyllotheca, but the identification is doubted by Dr. 
Feistmantel.* Associated with these, there is an abundant and peculiar 
Reptilian fauna with Bicynodon as a dominant type, a genus not known 
elsewhere, except from the Panchet subdivision of the Damuda in India. 
In the overlying Uitenhage series, there is a flora consisting of eleven 
determinable species ; of these one species of ferns is also found in the 
Rajmahals, while two, and possibly three, species of ferns and one conifer 
are closely allied to Rajmahal forms. f These Uitenhage plants are 
associated with beds containing an Oolitic marine fauna. The palssonto- 
logy of these beds sufficiently indicates a parallelism with the Gond- 
wanas, and, in confirmation of this, we find, at the base of the Karoo 
series, an undisputably glacial boulder bed, J which we shall be justified 
in assigning to the same epoch as those of the Talchirs in India and of 
the Hawksbury and Bacchus Marsh beds in Australia. 

Viewing these circumstances, there can, I think, be no doubt that 
these glacial boulder clays of Africa, India, and Australia represent one 
and the same epoch in the history of the earth and are, as strictly as the 
word can be applied, of contemporaneous, if not absolutely coeval, origin. 

» Q. J. G. S., XXIII, 140, PaZoBontographica, 1878, p. 114. 

t Q. J. G. S., XXIII, p. 140. 

t Q. J. G. S., XXVII, 58 and 535. 
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And further, as in every case the palsBontological evidence indicates thai 
these glacial beds are of late PalaBozoic or early Secondary age, I think 
it is probable that, as has been suggested by Mr. H. F. Blanford, they 
are of the same age as the Permian boulder clays of Europe.* 

Having thus obtained a common era in the geological history of 
these three countries (India, Africa, and Australia), we are able to examine 
their history in an intelligent manner. The first thing noticeable is that, 
in Australia, at a period corresponding fairly to the Devonian, both the 
fauna and the flora were, judged by European standards, of a PalaBozoic 
type. Later on, probably in Lower Carboniferous times, there appears, 
among species of Lepidodendroti, Bhacopteris, and Calamitesy which, in 
Europe, are found in rocks of Carboniferous age, a single species of 
GlossopteriSf the forerunner of a newer flora destined to supplant the 
older forms. In the Newcastle (Upper Carboniferous) beds, this flora has 
completely eusted the older forms, and, as I have already noticed, shews 
considerable relationship to that of the Damudas in India. Yet, if the 
Talchirs and the Bacchus Marsh beds are really of contemporaneous 
origin as was first suggested by Dr. Feistmantel, and if the Bacchus 
Marsh and Hawskbury beds are also contemporaneous (and the presence 
of traces of glacial action in all three is at least presumptive evidence 
in favour of this conclusion), the Damudas must be of very much later 
date than the Newcastle beds, and we have to explain why it is that 
the Newcastle flora left Australia when it did, and why it or its descen- 
dants lingered on in India, and, as I propose to shew, spread over what 
is now the Old World producing important modifications in its flora. 

It is possible to suppose that the Newcastle flora required a warm 
— ^though from internal evidence one would rather look upon it as indi- 
cating a cool temperate — climate ; that, on the advent of more severe con- 
ditions, it migrated towards the Equator and remained there, not merely 
through a period of extreme severity, but through a further period, when 
the climate was cooler than it had been during the deposition of the 
Newcastle beds, and during which a flora more suited to the latitude 
flourished in Australia. But there are so many objections to this hypo- 
thesis that it can hardly be tenable, and, however wild my alternative 
hypothesis may be thought, I hope to prove that it is really the more 
probable of the two. 

In the first place, we have to account for the prevalence of glacial 
conditions at a low level in India even within the tropics. This was not 
paralleled during the last glacial period, for even the erratics of the 
Petwar are 10 degrees beyond the tropics and 2,000 feet above the level 

♦ This correlation of the Indian, African, and European boulder beds has been 
snggeBied by Mr. H. F. Blanford, Q. J. G. S., XXI, p. 519. 
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of the sea, while the Petwar was certainly not less elevated during the 
glacial period than it is now. Further, the glacial deposits in India are 
isar better developed, and, to jiidge from the descriptions, must be far 
thicker and represent a mnch longer period of time during which the 
climate was severe than those in Australia. Yet the glsu^ial deposits of 
New South Wales are 10° further from the Equator than the Indian, so 
that, if we might shift the Equator some 10° further south between India 
and Australia, observed facts would be more in accordance with what 
one would expect than can be the case if we are compelled to assume 
the Equator fixed throughout all time. 

But, if we try to compare the facts observed in Australia and Africa, 
we are landed in a still greater difficulty, for, lying as they do on about the 
same parallel of South Latitude, the glacial beds are more strongly de- 
veloped in Africa even than in India ; and, as we can hardly suppose the 
greater severity of climate to be due to altitude, it must have been due to 
latitude, to obtain which we must suppose that that portion of the Earth's 
crust which now forms South Africa then lay in a higher latitude than that 
which is now Australia ; in other words, the comparison of the Permian (?) 
glacial beds of Africa and Australia, as in the case of Australia and India^ 
points to the conclusion, either that there has been a change in the position 
of the axis of revolution of the earth, or, what is more probable, that the 
crust of the earth then occupied a position relative to the central nucleus 
different from that which it now does. An experiment with a globe will 
shew that the relations of India, Australia, and Africa indicated above, viz.^ 
that Central India was in a higher latitude than New South Wales and 
South Africa in a higher latitude than either, are best satisfied by taking^ 
the Equator between India and Australia, but nearer the latter than is now 
the case, and thence through a point lying between the Cape of Good Hope 
and the South Pole in not less than 70° of South Latitude ; a disposition 
which would bring some point in Central Africa over one of the poles. 

Turning now from these physical and climatic arguments to those 
derivable from palaBontology, I hope to shew that they lead to the same 
conclusions. 

I have already referred to the fact that the Damuda and Bajmahal 
floras of India shew affinities with those of almost every division of the 
Mezozoic era in Europe, and I would now draw attention to the fact that 
those species which are related to upper Secondary forms in Exirope 
belong very largely to t3rpes which first appear in the PalsBozoic beds 
of Australia. Foremost among these, of course, are Glossopterisy Phyllo* 
theca, and Vertebraria ; not known in Europe before Jurassic times, these 
were certainly living in Australia at the commencement of the Carboni- 
ferous epoch. PecopteriSf Thinnfeldiay Gafigamopterisy NceggerathioptiB 



1884.] Construction of a Chapter in the History of the Earth. 195 

likewise are found in the Newcastle series of New South Wales, but in 
Europe only in Secondary beds. Allowing that some of these genera 
are purely artificial, and that the species "grouped under them may not 
really be allied in every case, it is on the other hand probable that 
some forms placed under distinct genera should properly be united with 
some of those grouped under the genera above mentioned, and, making 
the most liberal deduction for the value or want of value of negative 
evidence, I think that there is still a very considerable weight of pro- 
bability, on this count alone, in favour of a newer type of vegetation 
having originated in Australia in Paleeozoic times and in the Permian 
period commenced to spread over the rest of the world. 

The explanation seems to be that, on the advent of the Glacial 
period, the flora, which had supplanted the older types in Australia, was 
driven towards the Equator. As the climate ameliorated, it did not 
again retreat towards Australia, either because its place was taken by 
newer species, or, more probably, because, owing to changes in the distri- 
bution of land and water, it could no longer do so, but to the north — or 
what for convenience we may provisionally call the north, — of the 
Equator it lived on in what is now India and, gradually spreading over 
the hemisphere, produced a profound modification in the pre-existing 
floras of what we now know as the Old World. 

The flora of the Wianamatta beds, as I have explained, shews a 
certain relationship with that of the Damudas, but none with that of the 
Newcastle beds as far as species go ; of the genera, however, three out of 
the six, or, if we include the Hawksbury beds, four out of seven are also 
found in the Newcastle beds. The beds newer than the Wianamattas 
have 3rielded a flora consisting of nine species belonging to seven genera, 
of which, if we except the Phyllotheca australis, only one species is allied 
to an Indian form, viz,, Pecopteris australis, Morr. allied to P. indica, 
Oldh. and Morr. from the Rajmahals. We have here a distinct decline in 
the closeness of relationship between the Indian and Australian floras, 
and, though, of course, this might be due to the imperfection of the 
record, the probabilities are against its being entirely due to that cause, 
and we may safely conclude that some barrier separated the two areas, 
by which the floras of India and Australia were kept apart and followed 
separate and consequently diverging lines of descent. 

Turning now for a while to South Africa, I must commence by declar- 
ing it as my opinion that the relationships between the Indian and African 
floras of the periods I am discussing are with difficulty explicable, unless 
it is granted that there was in those days a continent, or at any rate a conti- 
nuous chain of islands, stretching from South Africa towards India. I 
am aware that Mr. A. R. Wallace has declared such to be uncalled for and 
26 
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impoBsible to grant,* and I am ready to admit that the factg of distri- 
bntion of animals as detailed by him are conclusive against the possibi- 
lity of such a distribution of land and water, at any rate since the Miocene 
period. But there is no reason to suppose that the present distribution of 
plants or animals can throw any light on the distribution of land and water 
in late Paleeozoic and early Secondary times. On the other hand, in favour 
of the land connection, I claim, firstly ^ that the relationship between the 
fauna and flora of the Damudas on the one hand and the Karoo beds on 
the other is far more real and close than the mere ' similarity of animal and 
vegetable productions * to which Mr. Wallace seems to have considered 
it to be confined ; secondly, that this relationship of the two floras con- 
tinued into the Uitenhage and Rajmahal series, which could hardly have 
been the case had the two areas been as separated then as now ; and^ 
thirdly f that the very peculiar relationships and differences between the 
cretaceous faunas of Central and Southern India on the one hand and 
Arabia and South Africa on the other are such as imperatively to de- 
mand the existence of a continuous barrier of dry land stretching be- 
tween India and Africa. It is needless to expatiate further on this point, 
for, if such a barrier existed during the Cretaceous period, any argument 
against its possibility derived from the doctrine of the permanence of 
continents must fall to the ground, and there remains no reason why, if 
on independant grounds its existence is shewn to be probable, such a 
modification as I require may not have existed at the commencement of 
the Secondary period. That, during the deposition of the Damudas, there 
was continuous land communication with South Africa I do not suppose, 
for the very remarkable reptilian fauna, which, like the recent marsupial 
fauna of Australia, mimicked many of the higher mammalia, points 
rather to some isolated continental island which was connected witk 
India, as Australia now is with Asia, by a chain of large islands separated 
by narrow straits, across which the spores of ferns and the seeds of 
plants could be wafted, but which were impassable to terrestrial reptiles. 
But even a land connection of this sort would probably be inade- 
quate by itself to account for the close relationship which the small frag- 
ment preserved to us of the flora of the Uitenhage period shews to that of 
the Bajmahals. For it is at least highly probable that the heat of the 
Equator would be as effectual a barrier as a broad sea, and, if the floras of 
India and Africa had pursued independent courses of development for a 
period sufficient for the dying out of every species and almost every 
genus, and for a change in the facies of the flora from one composed 
mainly of ferns to one composed mainly of cycads, it is inconceivable that 
the floras of the Uitenhage and Rajmahal series should exhibit the dose 

• Island Life, p. 398. 
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Felationships they do. Bat this difficnlty would not exist could we 
suppose that what are now South Africa and India then lay on the sama 
side of the Equator ; and thus the paleontology of these beds, as well as 
their petrology, points towards the conclusion that in early Secondary 
times the crust of the earth did not occupy the same position with respect 
to the axis of rotation as it now does. 

That none of these arguments are conclusiye by themselves I ad- 
mit ; I willingly admit that the floras preserved to us represent but a 
fraction of the species that lived when the beds that have yielded our 
fossils were being deposited, but the probability is vastly against only 
those species which were related to each other in the two countries 
being preserved, and we may, I think, safely argue from the small sample 
preserved to the larger bulk which is lost. In the same manner, I freely 
admit that the differences in the severity of climate may have been due 
to other causes besides difference of latitude, but on the average a colder 
climate indicates a higher latitude, and, when we find that, from whatever 
point we approach this matter, we are led towards the same conclusion, 
it seems to me that there is a very strong presumption in favour of its 
truth. 

I fear this paper has already extended to too great a length for 
me to examine the arguments that have been put forward to prove that 
any change of latitude is physically impossible, but I cannot conclude 
without pointing out that what has been proved is that no conceivable 
elevation or depression of the earth's sur&ce could produde an appreci- 
able alteration in the axis of rotation of the. earth as a whole. But, though 
the mathematical reasoning on which this conclusion is based may be 
unassailable, it has no bearing on the question of whether changes of 
latitude may not have taken place in the past, except on the assumption 
that the earth is rigid throughout, and that the crust has no power of 
sliding over the heated if solid core, an hypothesis which has been ably 
combated by the Rev. 0. Fisher,* and which I hold to be inconsistent 
with the known facts of stratigraphical geology. While, if the views 
put forward in this paper are true, — and there seems to me a very strong 
presumption in their favour, — the crust of the earth must in Mezozoic 
times have occupied a very different position with reference to the axis of 
rotation from that which it does at the present day. 

As yet the only fact which has in any material degree attracted the 
attention of English geologists is the prevalence during the past of mild 
climates within what are now the Arctic regions ; and hypotheses have been 
broached to account for this independent of an alteration of the position 

* PhTsics of the Earth's Cnut passim ; see partionlarly p. 184. 
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of the crust relative to the central core of the earth ; but the more com- 
pletely such an hypothesis may explain the absence of any trace of glacia- 
tion in the PalsBozoic, Secondary, or Tertiray rocks of the Arctic regions, 
to which Baron Nordenskjold has drawn our attention, the more irrecon- 
ciloable is it with the repeated traces of glacial action that are met 
with almost within the tropics. Yet the latter as urgently requires 
explanation as the former, and I have put these suggestions forward not 
from any conviction of their intrinsic truth, but because I feel that the 
i-igid bonds within which mathematicians have sought to confine geo- 
logists must be largely and materially relaxed, because I feel that every 
addition to the growing pressure against these bonds is of some — even if 
but small — importance, but chiefly because I trust that I may be instru- 
mental in drawing the attention of others with greater opportunities 
and greater abilities to the solution of this problem. 

P. S. — Just a week before this paper was read Mr. W. T. Blanford, 
addressing the geological section of the British Association at Montreal, 
devoted the greater part of his address to the consideration of a 
subject to which he has before now referred, more particularly in the 
Records of the Geological Survey of India, and on which I have cursorily 
touched in the introductory part of this paper ; I mean the uncertainty 
of paleeontological evidence in determining the exact correlation of 
widely separated beds. He also refers to a report on the Stormberg 
coal-fields by Mr. E. J. Dunne, which I have strangely overlooked : 
Mr. Dunne mentions the existence of three species of plants in the 
Stormberg beds identical with Australian species, an identification which, 
if correct, greatly diminishes, if it does not altogether annihilate, the 
value of my argument from the relationships between the African and 
Indian early Secondary floras, but this is of the less importance, as, owing 
to the known value or want of value of negative evidence in palaeonto- 
logy, little value would in any case attach to an argument of this kind. 
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V. — A new Species of Simalium from Assam, — By Dr. Edward Beohbr, 
Vienna, Communicated and transhated by the Natural History 
Secretary. 

[Reoeivod October 13th ;— Read November 6th, 1884.] 

(With PI. XIV.) 

SiMULiUM iNDicuM, nov. spec. 

9. Caput et thorax hrunneo-nigra ; thorax convextis, scutellum 
nigrum ; palpi ^^articulati^ fusci ; antennae lO-articulatae, fuscae ; alae 
magnaey latae, nervi costales crassiores qu^m reliqui ; pedes varii : femora 
et tibiae in basi flavae, in apice fuscae^ tarsi fusci ; abdomen breve^ seg^ 
mentum primum latissimum ; hoc et trium sequentium pars ventralis 
flavicansy ccetera subfusca. Longitudo 3 wm. 

Head free, stacding pretty low ; brown-black ; forehead broad, 
clypeus short, nearly vertical ; eyes kidney-shaped, with a moderate notch 
for the reception of the first antennal joint. Ocelli wanting. Antennae 
dark brown-black, *10- jointed ; the second joint distinctly constricted 
off from, and equal in length to, the first, and longer than the rest ; 
the throe sncceeding joints broader than long, telescoped into one an- 
other; the four next equally long and broad, each tapering to the apex, 
the last joint pointed at the apex, somewhat longer than the preceding. 

Proboscis salient, dark ; mouth-parts differing in matters of detail 
only from those of the typical form ; palpi dark, 4- jointed, the basal joints 
lighter ; the first joint short, the palp-scale resembling it and thus appa- 
rently representing a fifth joint, the second and the third joints almost 
of the same length, the fourth 1^ times as long as the third, all the 
joints pretty equally broad and moderately bristly. 

Thorax brown-black, high-arched, without transverse suture, tergum 
and scutellum velvet-black, somewhat shining, sides of the thorax lighter, 
especially near the coxae of the first pair of legs. 

Wings* large and broad, the marginal vein thick, terminating before 
the apex of the wing, the anterior branch of the first longitudinal vein 

• In order to facilitate comparison with other descriptions, the nsnal nomen- 
clature of the veins of the winj^ is retained in the following description. According 
to Adolf 8 theory, the veins should, in consideration of Brauer's work on this subject, 
be named as follows : — the anterior branch of the first longitudinal vein = the 
auxiliary vein (Hilfmder) ; the principal branch of the first longitudinal vein = 
the first longitudinal vein ; the small transverse vein = the trunk of the third 
longitudinal vein ; the third and the fourth longitudinal veins = the third longitu- 
dinal vein ; the succeeding fold => the fourth longitudinal vein ; the fifth and the 
sixth longitndiiuil veins = the fifth longitudinal vein ; the fold = the anal vein (Conf. 
Brauer, Denkschr. d. Kais. Akad. d. Wisscn. Wion, Math. Nat. CI. Bd. xliv, 1882, 
p. 90, and Wiener Ent. Zeitschr. ii, 1883, Ueft 2, p. 27). 
27 
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short, scarcely reaching the middle of the wing, the principal branch 
longer, running out near the third longitudinal vein ; the second longi- 
tudinal vein wanting ; the third branching off from the first before the 
middle, running into the marginal vein far before the apex of the wing ; 
the three first veins thick and distinct ; the succeeding ones very weak ; 
the fourth longitudinal vein forked at the so-called small transverse 
vein, the pronc^s of the fork hence much longer than the handle, the 
upper prong slightly bisinuous, the lower almost straight ; the fifth 
vein straight, a little bent outwards ; the sixth strongly bisinuous ; the 
axillary vein not reaching the hinder margin, slightly sinuous ; between 
the fourth and the fifth veins a straight, very distinct fold ; a similar 
though weaker fold behind the sixth vein. Halteres uncovered, dazzling 
white. 

Legs : C0X8B dark, trochanter long, yellowish ; femora and tibiae 
throughout black-brown, metatarsus lighter at the base, a little shorter 
than the tibia ; all the tibiee with spurs, metatarsus of the third pair of 
legs notched at the apex (figs. 5, 6), those of the two first pairs trun- 
cate, spurred ; the fourth tarsal joint expanded into a heart-shaped 
figure ; the fifth longish clavate, with long divergent curved bristles, 
which in the first pair of legs are seated on the third tarsal joint ; legs 
thickly covered with hairs, particularly on the tarsus, ungues small, 
pulvilli rudimentary. 

Abdomen short, of eight segments ; the first segment is the broadest 
and, like the sternal parts of the three succeeding segments, yellowish ; 
the genital parts a little projecting. 

The above-described species of Simulium is the first that has yet 
been made known from Asia, as only a few non-European forms have 
hitherto been described, whereas the number of European species is not 
inconsiderable. 

The larvsB and the pup89 (figs. 11, 12, 13) of the European species 
live in water ; the latter in conical (futenartigen) cocoons attached to 
stones, stalks of grass, confervoB, and the like. 

Explanation of Plate XIV. 

Fig. 1. Simulium indicum^ $, x 8. Fig. 2. Wing x 8. 3a. A leg of the first 
pair X 15. Fig. 36. Tarsns of the same leg x 60. Fig. 4a. A leg of the second pair x 
15. Fig. 46. Tarsus of the same x 60. Fig. 5a. A leg of the third pair x 15. Fig. 56. 
Tarsns of the same x 60. Fig. 6. Head from in front x 30. Fig. 7. Antenna x 90. 
8. Mandible x 90. Fig. 9. Ilypopharynx x 90. Fig. 10. Maxilla and palp x 90. 
Fig. 11. Larva of Simulium omatumf Mg. x 6. Fig. 12. Pupa of Simulium ep. in 
its conical cocoon. 
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VI. — Yarialioni of Rainfall in Northern India durinij ths Sunfpot 
Period. — By A. N. Peirson, Esq., Officiating Meteorological Reporter 
for Wetltrn India. Communicated by the President. 
[Beceired Octobar Cth j— Eead November 5th, 1884.] 
(With PI. XI.) 
Mr. S. A. Hill, in his paper on the " Yariations of Kainfall in 
Iforthem India," published in the Indian Meteorological Memoirs, Vol. I, 
showed very clearly the opposition that exists between the variations of 
the winter and of the snmmer rainfall in Northern India dnring the 
sanspot period. For the purpose of bringing forward with greater 
clearness the main points of his investigation, he pat the actual rain- 
fall totals — which, aa they stood, showed considerable apparent irregn- 
larities — through a simple process of smoothing such as is frequently 
adopted in dealing with statistical tables ; and, by so doing, eliminated 
the apparent irregularities. But it appears to mo that the nnsmootbed 
results present points of interest over and above those that are presented 
by the smoothed results ; that, in fact, the apparently irregular variations 
are regulated in a veiy definite manuer. 

In the table here given, I reproduce the general means of Mr, Hill's 
Tables II and IV, together with the smoothed results as he gave them 
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The smoothed numbers of the above table are curved in the accom- 
panying diagram (PL XI) in thick continuous lines, under the names 
•* Winter Rainfall, A" and " Summer Rainfall, B." The figures so pro- 
duoed are identical with the curves given by Mr. Hill in his paper. The 
un smoothed numbers of the above table are in the diagram superposed in 
dotted lines upon the smoothed curves. At the bottom of the diagram, 
T have reproduced the sunspot curve as given by Mr. Hill. 

On inspecting the smoothed rainfall curves, it will be seen that the 
winter and the summer curve both agree in showing a single oscillation 
during the eleven years of the sunspot period ; but they differ in the 
character of that oscillation, for, while the winter rainfall is at its maxi- 
mum during the year of sunspot minimum, the summer rainfall on the 
conti'ary is then at a minimum. This is the main fact pointed out in 
the paper above quoted. 

On inspecting the actual figures, however, — the unsmoothed num- 
bers in the above table and the dotted curves A and B of the dia- 
gram — it will be seen that, besides this eleven yearly oscillation, both 
the winter and the summer rainfall show several variations of minor 
period such as one might naturally suppose to be accidental ; thus the 
winter rainfall shows three distinct maxima, one in the 2nd year of 
the sunspot cycle, one in the 7th year, and one in the 9th and 10th, and 
shows marked minima in the 3rd, 8th, and 11th years ; while the summer 
rainfall has maxima in the 2nd, 4th, and 8th years and minima in the 3rd, 
7th, and 9th. 

It is to these minor period oscillations that I wish in this short 
paper to call attention. And, in order that they may present themselves 
in a more convenient form for study, I have separated them from the 
eleven yearly oscillation by the simple method of subtracting the 
smoothed numbers in the above table from the unsmoothed. The 
differences are curved in the diagram under the name " Minor Oscilla- 
tions of A and B," the winter oscillations being given in dot-and-dash 
lines, and the summer in simple dotted lines. 

Confining attention to these " minor oscillations " curves, it will be 
noticed that, in those years which at the foot of the diagram are marked 
+ , and which are years of maximum sunspot, the short period oscilla- 
tions in the winter and the summer rainfall are of the same character, 
that is to say, that when there is more winter rain there is more summer 
rain, and when there is less of the one there is less of the other also. 
But it will be seen that, in those years which at the foot of the diagram 
are marked — , and which are years of minimum sunspot, the short 
period oscillations in the winter rainfall are of opposite character to those 
in the summer rainfall, that when there is more rain in the winter there 
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ifi less during the Bnmmer, and vice versd. Again, in those years which 
in the diagram are marked + > and which immediately precede the 
years of sunspot maximum and minimum, the order above pointed out 
obtains only in a slight degree ; in other words, these are years of transit 
tion. 

That these facts are purely the result of accident seems very un- 
likely, for they are supported by three other series of concurrent facts ; 
which are as follow : — 

1st. The plus years begin immediately after the sunspot maxima, and 
the minus years begin immediately at the sunspot minimum. 

2nd. There are more transition years during the slow descent of the 
sunspot curve than during its rapid ascent. 

3rd. The oscillations of both the winter and the summer rain&ll are 
of greater amplitude during the negative years than during the positive. 

With reference to the first of the above series of facts, it might be 
supposed that, as the minus years begin immediately at the sunspot mini- 
mum, so for perfect analogy the plus years should begin immediately at 
the sunspot maximum. But this is by no means necessary, for the slight 
delay in the coming in of the positive years agrees very well with the 
slow descent of the sunspot curve as compared with its rapid ascent. 

The main fact which I have pointed out in this paper, — namely, 
that the smaller variations of the winter rainfall ai'e the same in character 
as those of the summer rainfall during years of maximum sunspot ; and 
opposite in character during years of minimum sunspot, — if it can 
be established as a general rule, will be an important one ; for it will 
indicate that, whatever be the cause which produces the general opposi- 
tion in character between the eleven yearly variations of the winter and 
of the summer rainfalls, that cause operates chiefly during the years of 
minimum sunspot, and during three years of maximum sunspot it operates 
only in a very minor degree, and in two of those years (namely, the 1st 
and 2nd) it probably does not operate at all. By thus limiting the period 
during which the cause operates, a valuable point is gained, and a clue to 
a knowledge of the cause possibly afforded. 

It is also interesting to notice tliat not only do the rules above in- 
dicated obtain qualitatively y but that there is also a near approach to a 
quantitative relation between the short period oscillations of the summer 
and the winter rainfall respectively. The nature of this relation in the 
years which I have denoted as positive, namely, in the Ist, 2nd, and Srd 
years of the sunspot cycle, will be seen at once on inspecting the " minor 
oscillations " curve of the diagram. It will be observed that the oscil- 
lation which takes place in the two curves during those three years is 
not only the same in phase, but is nearly the same in amplitude. The 
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fact can be expressed numerically by taking the percentage rainfall as 
given in the " Difference " columns of the above table ; when it will be 
seen that the winter rainfall of the 2nd year was 16-3 heavier than during 
the 1st and 3rd years taken together ; while the summer rainfall was 
14*6 heavier. The numbers 16*3 and 14-6, which according to this me- 
thod are a measure of the excess of the winter and the summer rainfall 
respectively during the 2nd year, approach each other sufficiently to be 
noticeable. 

The nature of the quantitative relation during the negative years, 
namely, the 7th, 8th, and 9th, will be best seen by an examination of the 
actual rainfall of those years. This, obtained from Mr. HilFs Tables I (A 
and B) and III (A and B), is as follows : — 
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Dealing only with the mean results, the variations in each year 
from the three years' average are in the case of the summer and the 
winter rainfalls respectively as follows : — 

7th year. 
+ 2-42 
— 4-41 



Winter 
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Sth year. 


9th year. 


— 3-30 


+ 0-87 


+ 5-83 


1-41 



Now the point to be noticed is that 

2-42 : 4-41 : : 330 : 583 : : 0-87 : 141, 

or very nearly so ; the winter figures to be in exact proportion should be 
2*53, 3-34, and 0-81 ; but the approach to exactness is sufficiently near 
to be striking, and to make one suspect that there has been something 
more than chance at work in its production. If this proportion can be 
established as a general rule, it will signify that, during the three years 
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at, and immediately succeeding, the snnspot minimnm, an excess of 1 inch 
in the winter rainfall is accompanied by a defect of about 1*74 inches in 
the summer rainfall, and a defect of 1 inch»during winter is accompanied 
by an excess of 1*74 inch during summer. 

It is not my intention, for the present at least, to seek out the full 
meaning of these facts ; indeed, it is scarcely within my province to do 
so, as the investigation is already in more experienced hands than mine. 
But the facts forced themselves on my notice, and they seemed of 
sufficient importance to justify their publication. 



VII. — Description of a new Lepidopterous Insect belonging to the Hetero- 
cerous Genus Trabala. — By F. Moore, F. Z. S., A. L. S. Com- 
municated by the Natural History Secretary. 

(Beceived Aagast 2Gth ;-'Rcad December 3rd, 1884.) 

Trabala irrorata, n. sp. 

9. Upperside dark olivaceous ochreous-yellow, sparsely speckled 
with dark purple-brown scales, which are most numerously disposed 
on the exterior border, and sinuously across the inner disc of both 
wings and also subbasally across the forewing, as well as on the pos- 
terior border of the forewing. Both wings with a discal transverse 
zigzag series of large lilacine-groy spots, which are also thickly speckled 
with the dark brown scales ; forewing also with the posterior border 
blotched with lilacine-gray, and with a prominent lilacine-gray spot, 
with dark brown speckled border, in the middle of the cell. Cilia en- 
tirely yellow. 

Underside slightly paler than the upperside ; both wings with 
the discal zigzag spots as above, the exterior borders less sparsely 
speckled with brown scales ; a slight brown-speckled sinuous discal band 
also on the hiudwing ; cell-spot indistinct. 

Body brighter yellow, and tuft lilacine- white. 

Expanse S^ inches. 

Uab. Mergui. Collected by Dr. J. Anderson, F. R. S. 
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VIII. — ^Phyllothelys, a remarJeahle Oenus of Mantodea /rom tJie Oriental 
Region, — By J. Wood-Mason, Deputy Superintendent, Indian Mvr- 
seuni, Calcutta, 

(With Plate XII.) 
Genus Phyllothelys, W.-M. 

P. A. S. B. 1876, p. 176.— A. & M. N. H. 1876, 4th aer. vol. xviii, p. 607.— P. B. 
Soc. 1877, p. xviii. 

^ . 9 . Vertex directed forwards and slightly upwards, strongly 
protuberant between the juxtocular lobes ; the protuberance flat and 
triangular in front, behind convex and trefoil-shaped, being divided 
into three lobes, one large and median and two small, equal, and lateral j 
the former produced at the apex into a long, narrow, and very gradually 
tapering horn, which is expanded, together with the lobes themselves, 
in the middle line posteriorly and at the sides, into sharp foliaceous 
crests, and which may be rudimentary in the male ; facial shield pen- 
tagonal, about as long as broad, marked with two blunt longitudinal 
ridges, and with its basal angle slightly projecting. Eyes oval, tolerably 
prominent, not narrowed as in Fhyllocrania, Pronotum long and 
slender, nearly five times as long as its parallel- sided anterior lobe, 
very gradually widening from its narrowest part just behind the 
dilatation, and equally gradually increasing in height, to its base, close 
to which it bears a prominent smooth tubercle, and where it is nearly as 
wide as at the distinct dilatation ; presternum slightly and decreasingly 
roof-shaped from the insertion of the forelegs backwards. Anterior coxee, 
long and slender, when laid back not reaching to the base of prothorax, 
their apical lobes not divergent, but close together; tibiae half the 
length of the femora, with only the basal 5 or 6 of the spines of the outer 
edge curved iowards the margin ; femora with 3 spines on the outer 
edge and 4 on the disc ; four posterior legs short ; femora with geni- 
cular spines and with foliaceous lobes on the lower crest; tibiee with 
their apical half inflated latere- superiorly. Auxiliary and anal veins 
of tegmina running one immediately after the other into the internal 
ulnar vein, first ulnar vein branched ; ulnar vein of wings 2-branched. 
Abdomen depressed, widening more (?) or less ( ^ ) from base to end of 
6th somite, the remaining somites forming a triangular figure with more 
or less serrated sides; the dorsal arc of its 10th somite roof-shaped, 
broader than long, subtriangular. 

This interesting and curious form may be provisionally placed be- 
tween the African genus rhyllocrania and the Oriental ^euus AiMxarcha, 
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The cerci are of the ordinary slender conical form and do not reach so 
far as the end of the ovipositor. 

i . Smaller and slenderer with the cephalic horn and its crests, 
as has been already stated, reduced to a rudimentary condition and 
all folded or shrivelled up together so as to form a soft and flexible 
projection no more than about a millimetre in length. 

Organs of flight almost wholly membranous and hyaline. Tegmina 
with the marginal field semiopaque brown resolved into spots at the 
apex, with a few scattered groups of areolets in the discoidal area 
and the meshes of the anal gusset faintly smoky, and with some dark 
brown linear dashes on the longitudinal veins. Wings with their 
anterior margin pale brown spotted at the apex, the rest of these organs 
being very faintly iridescent-smoky, with obsolete double hyaline edgings 
to the transverse violets, from the base nearly to the outer margin, 
along which the smokincss and the longitudinal veins are alike darker, 
especially in the anterior area. 

In the Tenasserim specimen of this sex the cephalic protuberance 
18 more broadly rounded at the top and less produced, and the horn 
is more rudimentary ( ? in consequence of the specimen being a dried 
one), but there is no other apparent difference between it and the spirit- 
specimen from Assam described above, except perhaps in the tint 
(exaggerated in fig. 1) of the wings, which is slightly deeper in the 
latter. 

Total length, 9 51, i 40 ; height of head, from free margin of 
labrum to apex of horn, 2 14, i 4*5, breadth of head between the eyes, 
? 4*5, i 3*75, length of horn, from a straight line drawn tangentially 
to the upper surface of the eyes, ? 10, ^ 1*5 ; length of antennsB, 9 
22, i 22 ; length of pronotum, 9 22, i 14*5, of its anterior lobe, 9 5, 
9 33, of it« posterior lobe, 9 17, ^ 11*2, breadth of pronotum at supra- 
coxal dilatation, 9 3*5, ^ 275 ; length of fore-coxa 9 13, ^ 9, femur, 
9 14*5, cf 10, tibia, 9 8,^ 5*5, intermediate femur, 9 5*5, ^ 4*5, tibia, 
9 5, ^ 4, posterior femur 9 7*5, i 6, tibia 9 7,^ 5*5 ; length of teg- 
mina 9 27, cf 27, breadth across middle 9 t>'5, i 6 miliims. 

Hab. — 2 9 and I 9 nymph, Sibsagar, Assam {8, E, PeaZ), 1 ^, 
Buxa, Bhutan {Dr. Leuns Cameron), and 1 d Moolai, Upper Tenasserim 
(Moti Ram) in Indian Museum, Calcutta. A fine female is preserved 
in the British (Natural History) Museum, South Kcngsington, London. 

2. Phtllothelys paridoxum, n. sp., PI. XII, Fig. 3. 

d nymph. Nearly allied to the preceding, which it closely resem- 
bles in the relative proportions of its parts and in every detail of colour 
and ornamentation, but from the same sex of which it differs in the 
possession of a folly developed oephalio horn and from the opposite sex 
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in the form of this horn, which is slenderer, much more thinly folia- 
ccons, and jagged, instead of entire, on the edges, so as to resemble a 
very narrow pinnately-cleft leaf^ the mid and lateral ribs of which are 
represented by the thick and hence opaque axes of the horn and its 
lateral processes. The fore tibioD have 16 teeth on the outer edge and 
14 on the inner. 

The only measurements of this immature insect that can usefully 
be given are : — length of pronotum 11, of fore femur 7, height of head, 
from free edge of labrum to top of horn, 7 millims. 

Hab. Burmah. 

This interesting animal was presented to me many years ago by my 
friend Mr. William Theobald of the Qeological Survey of India. 

Explanation of Plate XII. 

Fig. 1. Phyllothelys wcstwoodi, W.-H., ^, with wings extended, nat. eifai 
1 a. tho head, viowod from in front, x 2 ; 16. the loft foro-1^, from the inaide, 
X 2. 

Fig. 2. Phyllothelys westwoodi, $ , with wings extended, nat. size ; 2 a. the 
head, from bohind, x 2 ; 2 b. tho same, from in front, x 2 ; 2 c. tho end of the 
abdomen, from above, x 2 ; 2 d. tho posterior log of right side, from in front, x 2. 

Fig. 3. Phyllothelys paradoxunif n. sp., ^ nymph, the head, from in fronts 
X 3. 



IX. — Notes on Indian Rhynchota, No. 1. — By E. T. Attinson, B. A. 

Unless where expressly stated to be descriptions, the notes attached 
to each species are merely intended as aids to identification ; and the 
measure me uts of specimens not in the Indian Museum have been con- 
verted into millimetres from the measurements of the severa] authors. 

HOMOPTERA. 
Family Cicadid^, Wcstwood, Introd. Mod. Class. Ins. ii, 420 (1840). 

StridulantiQf Stal, Hem. Afric. iv, p. 1 (1866). 

Ocelli three, placed on the disc of the vertex. Pronotum and 
mesonotum very large. Anterior coxoa prismatic, oblong, inserted in the 
anterior angles of the i)rostetliium : intermediate and posterior coxss 
briefly subconical, somewliat contiguous, remote from the sides of tho 
body. Anterior femora incrassated, very often spinose, tibi» smooth. 
Tarsi 2 — 3 jointed. Abdomen in the males with an organ of sound on 
each side at tho base. 
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G^nus PoLYNEURA, Wcstwood. 

Weatwood, Arc. Ent. i, p. 92 (1842) : Am. et Serv., Hist. Nat. H^m. p. 460 
(1843) : Stal, Hem Afric. iv, p. 3 (1866). 

I. POLYNEURA DUCALlS. 

Polyneura dw^oZt*, Westwood, Arc. Ent. i, p. 92, t. 24, f. 2 (1842) ; Jardine, 
Nat. Lib. t. 18, f . 1 (1843) ; Am. et Sorv., Hist. Nat. Ins. Hem. p. 460 (1843) ; 
Walker, List. Hom. B. M., i, p. 2 (1850). 

Easily recognised by its rich golden brown colour and the apical 
half of the tegmina being finely reticulated with hexagonal cells. Body 
long 35 ; exp. teg. 102 millims. 

Reported from Assam, Sikkim, Nepal. The Indian Museum pos- 
sesses specimens from Sikkim and Assam. 

Genus P(ecilopsaltria, St&l. 

Hem. Afrio, iv, p. 2, (1866) ; Berl. Ent. Zeitschr. p. 168 (1866). 

Allied to TettigadeSj Am. et Serv. Thorax angulatcd on each side, 
antenor femora not spinose, metasternum elevated, the elevated part 
sulcate, produced and subsinuato-truncated in front. 

2. P(ECIL0P8ALTRIA AFFIN18. 

Teitigonia affmin, Fabr., Syst. Ehyn. p. 37 (1803). 

Cicada affini^f Germar in Thon's Archiv. Ent. ii, fasc. 2, p. 1, 6, (1830) j in 
Silbermann'8 Rev. Ent. ii, p. 79 (1834) ; Walker, List Hom. B. M. i, p. 3 (1850). 
Paecilopsaltria affi.niSf Stil, Hem. Fabric, ii, p. 4 (1809). 

Body long 23 ; exp. teg. 77 millims. 

Reported from India, but no specimens appear in the British Mu- 
seum list, and it would be well again to identify the locality of the spe- 
cimen noted in Mus. Lund. 

Genus Plattpleura, Amyot & Serville. 

Amyot et Serville, Hist. Nat. Ins. Hem. p. 465 (1843) : Stil, Hem. Afrio. iv, p. 2 
(1866) : Butler, Cist. Ent. i, p. 184 (1874). 

(a.) Species with yellow or tawny icings, 
3. Plattpleura phaljinoides. 

Platyplmira phalmnoides, Walker, List Hom. B. M. i, p. 4 (1850) : Bntlor, Cist. 
Ent. p. 185 (1874). 

Platypleura interna. Walker, 1. o. iv, p. 1119 (1852), which differs in having 
the anal angle only (instead of the whole flap) of the wings black. 

Platyplewra congrex, Stil, MS., is also possibly only a variety of this species. 

Reported from Bengal, Assam, Silliat, N. India. A somewhat com- 
mon species in Sikkim. The Indian Mosonm possesses spocimens from 
Sibsagar, Sikkim, and Darjiling. 
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An examination of some fifty males shows some variations in indi- 
viduals, even amongst those collected in the same locality. In the hya- 
line apical portion of the tegmina, the brown band is sometimes connec" 
ted with the marginal row of spots, sometimes with the brown band 
across the middle part of the tegmina, and sometimes with neither. The 
hyaline spots in the radial and 3 — i ulnar areas vary much in size, and 
the metathoracic markings vary in size and distinctness. The venation, 
too, is not altogether uniform, and the colour of the thorax varies from 
green to brown. 

$ . Body sordidly luteous above and below. Face moderately con- 
vex, transversely sulcated, with a longitudinal groove, luteous, vertex 
and pronotum furrowed, luteous. The mesonotal marks are represented 
by two almost obsolete short black lines on fore border and two funt 
black dots on hinder border. Abdomen black above, first three segments 
marginally luteous-pubescent ; below, central portion tawny, thickly 
pubescent. Opercula small, somewhat rounded, wide apart. Legs con- 
colorous with body : posterior tibia) spinose, tarsi and claws piceons* 
Tegmina, markings as in ^ , but basal half suffused with deep fulvous. 
Wings as in ^, but apical third alone brown, limbus hyaline, flaps 
fulvous. Length body, 22^ ; exp. tegm. 75 ; of one tegmen 34 ; breadth 
of pronotum 13 millims. 

Hab. Sikkim, one specimen only in the Indian Museum. 

4. Plattpleura assamensis, n. sp. 

Sordid green, face very slightly convex, transversely sulcated, with 
a longitudinal groove : a fascia extending from eye to eye through the 
base of the antenna), black. Rostrum extends to third abdominal seg- 
ment, tip piceous. Markings above as in P. phalamoides, Walker. Ab- 
domen piceous, each abdominal segment with a slight marginal folvons 
pubescence. Opercula very small, wide apart piceous in the 9 ; close 
together, piceous and margined with slight tawny in the ^. Basal 
half of tegmina, brown, with irregular pale markings : a hyaline spot in 
the third quarter of the radial area, a pale spot at the base of the radial 
area and the 4 — 5 ulnar areas. Apical half of the tegmina pale hyaline ; 
a brown patch extending through the apical anastomoses of the 1 — 3 
ulnar areas : an inner apical row of six brown spots, first two and last 
broadest, first two confluent, middle sagittate, last confluent with the dot 
on the limbus : apical veins ending in six small oblong brown spots, 
beyond which in the limbus are six minute dots. Wings marked as in 
P. fhalcenoides with which it is closely allied, but the body is much less 
robust, and smaller ; and there is a difEeronce in the markings and colour 
of the tegmina. Length body, 23| ; exp. tegm., 69 ; of single tegmeiii 
30 ; breadth of the pronotum 12, millims. 
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i is slightly smaller, tegmen, 27 millims. 

HiB. Sibsagar and Naga Hills : (f and V in Indian Museum. 

5. Plittpleura wicobaeica, n. sp. 

Light ochraceous, shining. Face moderately conyex, transversely 
sulcated, with a median longitudinal groove, an interrupted fascisk ex- 
tending from eye to eye, and a patch on each side of the base of the 
rostrum and along the first joint thereof, black. The rostrum extends 
well beyond the posterior coxae, tip black. Eyes dull castaneous, pilose 
behind. Vertex deeply grooved, the hollows, a small triangular patch 
below the oceUi, a narrow fascia from eye to eye through the ocelli, 
and a narrow short longitudinal line between the ocelli and eyes, black. 
Pronotum furrowed, with a single, longitudinal, narrow, short, black line 
in the middle of the anterior margin, lateral processes subtriangular and 
their external margins brown. The mesonotum with two triangular 
black spots, their bases resting on the anterior margin, and on each side 
a large distinct Y- shaped mark, slightly interrupted on the inner side, and 
two small round spots near the posterior margin. Segments of abdomen 
black, margined with yellow, above and below, slightly pubescent. Legs 
ochraceous, extremities of tibiae and claws brown-black, posterior tibiae 
spinose. Opercula ochraceous, small, rounded, contiguous, having a black 
patch near the base of posterior coxae. Tegmina, basal half tawny with 
irregular brown markings in the radial and 1^-4 ulnar areas and one in 
the costal membrane. The upper third of the third ulnar area and the 
apical areas hyaline, with an almost obsolete series of minute dots at the 
end of each vein : wings ochraceous, apical third brown, with veins och- 
raceous, a discal streak to anal angle and two lines confluent at the inner 
angle, brown. Leng^th body, 24 : exp. tegmina, 75$ of single tegmen 33 : 
breadth of the pronotum, 14| millims. 

Hab. Nicobar Islands : in Indian Museum. 

6. Plattpledra sphinx. 

Platypleura aphiruD, Walker, LUt. Uom. B. M. i, p. 13 (1850) : Butler, Cist. 
Ent. p. 188 (1874). 

Tegmina whitish, brownish-tawny towards the base and having else- 
where some irregular pale-brown marks which here and there include 
white spots. Body long 18 ; exp. teg. 43 millims. 

Reported from N. Bengal, N. India. 

7. PlATTPLEURA CiKLEBS. 

Platypleura ca^lebs, Stil, Trans. Ent. Soc. 3rd Ser. i, p. 573 (18C3) : Butler, 
Cist. Ent. p. 188 (1874). : ' . . 
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Allied to Poecilopsaltria capttata, Olivier, (Eno. Metli. v, p. 754) 
in regard to size, broadness of apical limbos, tegmiiia and wings. Bodj 
long 23 : exp. teg. 68 millims. Reported from N. India. 

8. Platypleura andamana. 

Platypleura andamanaf Distant, Trans. Ent. Soo. p. 174 (1878). 
This species was described from a specimen procured fnnn the An- 
daman islands. Body long 22 : exp. teg. 84 millims. 

9. Platypleura roepstobffii, n. sp. 

^ . 9 . Brownish tawny. Face gamboge colour, moderately convex, 
transversely sulcated, with a brown longitudinal groove. Rostrum ex- 
tending almost to the posterior margin of the first abdominal segment, tip 
brown. Legs brown above, tawny below ; tibia9 setose, posterior pair spinose. 
Eyes bright castaneous, moderately prominent, pilose behind. Second 
joint of antennas pale tawny. A fascia from eye to eye, through the 
base of the antennee and frons, and another through the ocelli, black. 
Pronotum grooved, with an obtuse-angled black mark on middle of po8& 
torior border ; lateral processes subtriangular, anterior margin slightly 
brown. Mesonotum with two obconical spots extending backwards from 
anterior border and having between them a variable sagittate mark, two 
dots wide apart, near posterior border, and a very obscure mark situate 
on the outer side of eaoh of the obconical spots, black. Abdominal 
sutures black, margined with luteous, pubescent ; anal segment below, 
luteous. Opercula very small, subelliptical, wide apart in the tf ; conti- 
guous, semi-rounded, in the $ . Tcgmina brown, opaque : basal third 
tinged with tawny, very apparent when stretched out ; two spots in the 
radial area (the basal extending into the costal membrane) and one in the 
fourth ulnar area, black. A patch in the middle of the first ulnar area, 
extending into the third, and one near the base of the third ulnar area, 
extending into the fourth, pale brown. Apical area pale brown ; veins 
adorned with oval marks, brown, with a centre of pale brown. External 
margin with a row of six subquadrangular brown spots, divided by oval 
pale brown spots. Wings fulvous tawny, disc and a band along the foi-e 
and external borders brown. Length of body, 2:l!| ; exp. tegm. 76J ; 
of one tegmcn, 84 ; breadth of pronotum, 12 millims. 

Closely allied to P. andamana^ Distant. 

Hab. Andaman Islands. Several specimens are in the Indian Mu- 
seum. 

(h.) With black ami white wings. 

10. Platypleura basialba. 

Orvpleura hafialbOy Walker, List Horn. B. M. i, p. 2(\, (1850). 
Platypleura basialba, Butler. Cist. Ent. i, p. 11)1 (1874). 

IM}' loAg PJ, exp. teg. 01 millims. llcported from N. Bengal. 
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11. Plattpleura nobilis. 

Cicada nobilis, Germar in Thon'a Archiv. ii, faso. 2, p. 9 (1830) ; in Silber- 
mann's Eov. Ent. ii, pt. 2, p. 82, (1834). 

Cicada hemiptera, Guerin, Voyago Bclangor Ind. Orient, p. 600 (1834). 

Platy pleura aemilucidn. Walker, List Ilom. B. M. i. p. 20 (1850). 

Platypleura nohUia, Butler, Cist. Ent. i, p. 191 (1874) ; Distant, J. A. S. B. xlviii, 
(2), p. 38 (1879). 

Reported from Java, Singapore, and Tenasserim : there is a specimen 
in the Indian Museum from Tenasserim. As this is a typical species of 
the smaller members of this genas, I re-describe it, the original de- 
scription being pi-actically unobtainable. 

Tawny. Face tawny, moderately convex, transversely sulcated with 
the furrows brown and a longitudinal groove broadly black. Rostrum 
extending to the fourth abdominal segment, tip piceous. Eyes dull 
castancous, with a narrow black fascia, extendino: from anterior maririn 
around the base of the antennao. Vertex with a bright tawny fascia on 
anterior margin and two minute obconical black marks, extending from 
posterior margin on each side of the ocelli, obsolete in some. Prono- 
tum tawny, furrowed, furrows black ; a lino from the middle of the 
anterior border to the posterior border, black and quadrangularly expanded 
on the disc. Mesonotum fulvous brown, with two moderate obconical 
black spots, extending backward from the fore border, midway between 
wliich there is a discal line connected with a fascia on the hinder border 
also black. On the outer side of both the moderate obconical spots is 
a large obconical patch, black, and extending from the foi*e border almost 
to the liind border. The metanotum is bright tawny. The abdominal 
sutures are black, edged with fulvous, slightly pubescent. Below, the 
fulvous margins of the abdominal segments alone appear. Opercula 
tawny, brown at the l)ase, rounded, small, wide apart. Legs tawny, 
anterior and middle femoi*a spotted brown, posterior tibia) spinose. Teg- 
miiia, basal third tawny, with some iri*egular lighter markings : a hyaline 
spot, at the apex of the mdial area, just above a dark brown spot which 
extends into the costal membnine : a black spot in tlie ulnar space. 
Apical two-thirds of tegmina hyaline, with three minute brown spoU 
on the apical anastomoses of the first and second ulnar areas, also a very 
minute brown spot on each side of the middle of the vein seiMiniting tho 
second from the third apical area and tho third from the fourth ; six 
minute brown spots Oti the limbus. Basal two-thirds of the wings brown^ 
with a dLscal streak extending to tho anal angle, tawny ; apical third, 
hyaline ; Haps tawny with a brown line on tho suture. Length body 10 ; 
exp. teg. 4(> ; length of one tegmun 24 ; breadth of pronotum 8 millims. 

•2y 
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Variety, a. — Markings on face and pronotnm more distinctly black. 
The markings on the basal third of the tegmina are more distinctly pale 
forming a band of five spots extending from the costal membrane through 
the ulnar areas. The brown spots in the hyaline apical portion broader, 
the internal apical row produced through the apical areas and the ex- 
ternal apical row of dots duplicated. The tawny discal streak of the 
wings wanting, flaps grey hyaline. From Munipur, in Indian Moscum. 
Allied to Platypleura insignis^ Distant. 

12. Platypleura insignis. 

Platypleura insignis^ Distant, J. A. S. B. xlviii (2), p. 89, t. 2, f., 2 (1879). 

Allied to the preceding, but tegmina and wings very distinct, the 
opaque portion being much less than in that species. Body long 15 ; 
exp. teg, 45 millinis. lleported from Tenasserim and Hindustan : a 
specimen from the former locality is in the Indian Musenm. 

(c.) With hIacJcy white^ and red wings, 
13. Platypleura octoouttata. 

Tettigonia octoguttata, Fabricias, Ent. Syst. Snppl. p. 516 (1798) ; Syst. Bhyng. 
p. 39 (1803) ; Coqucbert, 111. Ina. i, p. 34, t. 9, f., 1 (1790). 

Orypleura sanguifiiMf Walker, List Ilom. B. M. i., p. 24 (1850) ; Ins. Saimd. 
Horn. p. 2 (1858). 

P(r'cilnpsaltria octog^ittata, RtU, Bcrl. Ent. Zcitscfar. x, p. 168 (1866) (re-desoribad). 

Platypleura octoguttata^ Butler, Gist. Ent. i, p. 192 (1874). 

Body long 27 : exp. teg. 80 millims. Reported from the Panjab, N. 
India, N. Bengal, S. India. The Indian Museum possesses specimenB 
from Bengal, Calcutta, and Sambhalpur in the Central Provinces. 

14. Platypleura subeufa. 

Oiypileura suhrufa^ Walker, List. Horn. B. M. i, p. 25 (1850). 

Pacilfypsaltria capitataf Stal, Bcrl. Ent. Zcitschr. x, p. 169 (1866), who joins 
together * auhnifa ' and * capitata ' Olivier (Eno. M^th. v, p. 754, t. 112, f. 10), the 
former an Indian and the latter a Ceylon species. Thej havo boon separated again 
by Bntlor (Cist. Ent. i, p. 192) and should remain separate. 

Pl(iiyj)leura suhrtifa, Bntler, Cist. Ent. i, p. 192 (1874). 

Body long 27: exp. teg. 75 millims. lleported from Coromandel 
and India. 

((7.) With hlacJc, white, and brown wings, 
15. Platypleura bufo. 

OTvpleura btr/o. Walker, List Ilom. B. Bf . i. p. 27 (1850). 
Platnpleura hvfo, Bntler, Cist. Ent. i, p. 195 (1874). 

Body long 25 : czp. teg. 81 millims. Reported from India. 
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16. Plattpleura ceevina. 

Platyplewra cervina. Walker, List Horn. B. M. i, p. 16 (1850) 9 i Butler, Cist. 
Ent. i, p. 198 (1874). 

Platypleura straminectj Walker, 1. o. p. 17, ^ . 

Body long 17 : exp. teg. 60 millims. Reported from N. Bengal. 

Genua Tacua, Amyot & Serville. 

Am. A Serv., Hist. Nat. Ins. Hto., p. 461 (1843) : Stal, Hem. Afric. iv, p. 8. 
(1866). 

17. Tacua speciosa. 

Tettigonia speciosa^ Illiger in Wiod. Zool. Aroh. ii, 145, t. 2 ; Fabrioias, Syst. 
Ehyn. p. 33 (1803). 

Cicada indicay Donovan, Ins. Ind. Hem., t. 2, f. 3, (1800). 

Cicada specioaaf Blanchard, Hist. Nat. Ins. iii, 165 ; Hem. t. 9 (1840-41). 

Tacua speciosa^ Am. ot Serv., Hist. Nat. Ins. Hem. p. 462 (1843) ; Walker, List. 
Horn. B. M. i, p. 46 (1850). J. A. S. Zool. i. p. 141 (1857). 

Body long 55 millims. Reported from Java, Bengal (Donovan). 

Genns Tosewa, Amyot & Serville. 

Am. & Serv., Hist. Nat. Ins. H^m. p. 462 (1843) : Stal, Hem. Afric. iv. p. 8. 
(1866). 

18. TOSENA MELANOPTERA. 

Toxena melanopteraj Wliito, A. & M. N. H. zvii, p. 331 (1846) ; Walker, List Hom. 
B. M. i, p. 46 (1850). 

Body long 60 : exp. teg. 142 millims. Reported from Silhat, N. India. 
The Indian Museum possesses specimens from Sibsagar and Sikkim. 

19. ToSENA MEARESUNA. 

Cicada mearesianaj Wostwood, Arc. Ent. i, p. 98, t. 25, f. 1 (1842). 
Tosena mearesiana, Am. & Scrv., Hist. Nat. Ins. Hem. p. 463 (1843) ; Walker, 
List Hom. B. M. i, p. 46 (1850). 

Body long 44 : exp. teg. 130 millims. Reported from N. India. The 
Indian Moseom possesses specimens from Sikkim. 

20. ToSENA ALBATA. 
Toaena alhatay Distant, Trans. Ent. Soc. Lond. 1878, p. 175. 

Body long 59 : exp. teg. 132 millims. Reported from N. India. 

21. TOSEXA SPLENDIDA. 
Totena splendida, Distant, Ent. Month. Mag. xv, p. 76 (1878). 

^ . Body long 47 : exp. teg. 124 millims. $. Body long 49 ; exp. teg. 
127. Reported from Assam, Naga Hills, Khasiya Hills. The Indian 
Museum possesses <f and $ from the Lushai country. 
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Genns Huechts, Amyot & Senrille. 
Am. & Scnr., Hist. Nat. Ins. Hem. p. 464 (1843) : Stal, Hem. Afric. ir, p. 4 (1866). 

22. Huechts philjemata. 

Tettigonia philoimata, Fabricius, Sjst. Bhyn. p. 42 (1803) ; StoU, Cig. p. 53, 
t. 13, f. 62 (1788). 

Cicada philwmat^j Germar in Thon's Archiv. ii, faac. 2, p. 26 (1830) ; in Silber* 
manu's Eov. £nt. ii, p. 75, n. 52 (1834) ; Bormeister, Handb. Ent.ii, (i) p. 180 (1835). 

Cicada sanguineat Gn^rin, Voyage La Fayorito, y, p. 155 (1839) ; Mag. Zool. 
p. 75 (1839). 

Huechya philcBmata, Am. & Serv., Hist. Nat. Ins. Hem. p. 465 (1843) ; Walker, 
Lint Uom. B. M. i. p. 251 (1850). 

Guerin (1. c.) unites this species with the following and keeps 
27. sajujuinolenta, Fa])r., which he had not seen, distinct, bat he is not 
followed in this arrangement by later writers. 

Body above black with the frons, two quadrate patches on mesothorax, 
and abdomen sanguineous : tegmina brown, wings cindery-grey and 
Bubhyaline. Body long 22 millims. 

Ileported from Philippine Islands, N. Bengal, and Silhat. The 
Indian Museum possesses specimens from the Naga Hills, N. India, and 
Tcnasserim. 

23. IIUECHTS SANGUINEA. 

Cicada ftangninea^ Do Gt'er, Ins. iii, 221, t. 33, f. 17 (1773) ; Gmolin Ed. Syst. 
Nat. i, 3, 2098 (1782) ; Wcstwood in Donovan's Ins. China, t. 16, f. 1 (1842). 

Tettigonia sangninolcntat Fabricius, Syst. Knt. p. 681 (1775) ; Spec. Ins. ii, p. 
321 (17S1) ; Mant. Ins. ii, p. 267 (1787) ; Ent. Sjst. iv, p. 23 (1704) ; Syst. Rhyn. 
p. 42 (1803). 

Cicada mnguinolenta, Olivier, Enc. Moth, v, p. 756 (1790) ; Germar in Thon'g 
Archiv, ii, fuse. 2, p. 3 (1830), in Silbermanu's Rev. Ent. ii, p. 73 (183i) ; Blanchaid, 
Tlisr. Nat. Ins. iii, p. 163 (1840-41) ; (irn'rin. Voyage La Favorite, v, p, 155, t. 45. f. 1 
(1830) ; Mar,'. Zool. p. 76, t. 237, f. 1 (1839). 

IfHechyA sanguinea. Am. & Scrv., Hist. Nat. Ins. Hem. p. 465 (1843) ; Walker, 
List Horn. B. M. i, p. 251 (1850) ; J. L. S. Zool. i, p. 84 (1856) ; ibid., x, p. 95 
(1807) : Distant, J. A. S. B. xlviii, (2) p. 38 (1879). 

(Jin'rin separates ^ sanguinolenta, Fabricins* and unites * philcptnata* with 
* mti'ininca*. H. incamata, Germar, Silb. Rev. Ent. ii, p. 75, (1834), and Bmlle 
Ilitit. Nat. Ins. Hem. ii, t. 3. f. 2, is j)robably only a variety of U. ftangainea, 

1 lead, thorax, and feet black : frons, two great spots on the meso* 
thorax, and abdomen sanguineous : tegmina block : wings fuscous. Body 
long 18 ; exp. icg. 41 i niillinis. 

Ileported from India, Singapore, China, and the Eastern Archipe- 
lago. S|)(Mnmens exist in the Indian Museum fix)m Sikkim, Sibsagar, 
Calcutta, and Tenasserim. 
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24. HUECHYS TESTACEA. 

Tettxgonia testaceOy Fabricins, Mant. Ins. ii p. 267 (1787) ; Ent. Syst. iv, p. 24 
(1794) ; SjBt. Rhyn. p. 42 (1803) : StoU, Cig. p. 41, t. 8, f. 41 (1788). 

Cicadu testacea, Gmolin Ed. Syst. Nat. i, pt. 4, p. 2098 (1782) ; Olivier, Eno. 
Meth. ▼, p. 756, t. 113, f. 5 (1790) ; Germar in Thon's Archiv. ii, fasc. 2, p. 3, 
(1830) ; Gnerin, Voyage La Favorite, v, p. 155 (1839) ; Mag. Zool. p. 78 (1839). 

Huechya teatacea, Walker, List Horn. B. M. i, p. 252 (1850). 

The upper surface of the body without red marks : tegmina brown, 
only partly transparent : wings concolorous, veins black : abdomen san- 
guineous. 

Reported from Coromandel. 

25. HUECHTS PHiENICURA. 

Cicada phcenicuraj Gkrmar in Silbermann's Bev. Ent. ii, p. 76 (1834) ; Ga^rin, 
Icon, du Rdgno Animal, p. 78 (1830-34). 

Uuechys pha:nicura. Walker, Lint Horn. B. M. i, p. 252 (1850). 

Black, entire frons, mesothorax, and abdomen sanguineous ; tegmina 
and wings black ; sometimes frons black in the middle and thorax with a 
black basal spot or band running through it, sides and small median spot 
red. 

Reported from India, Sikkim. 

26. HUECIIYS TKANSVEBSA. 
llucchys tranarersa^ Walker, List Hum. B. M. Suppt. p. 40 (1858). 

Black : tegmina with costa and transverse veins red and a tesU- 
ceouH band. Botly long 23 : exp. teg. G2 millims. 
Reported from Hindustan. 

27. HUECIIYS THORACICA. 
HnechyB thoracia. Distant, J. A. S. B. xlviii, (2), p. 30, t. II, f. 3 (1870). 

Known by the red hour-glass-shaped fascia on pronotum. Body long 
VJ : exj). teg. 43 millims. 

Reported from Tenasserim and Hindustan. 

28. IIUECHYS TRAIIKATA. 

Cicada traheatay Germar in Thon's Archiv, ii, faac. 2, p. 3 (1830) : Gutrin. Mag. 
Zool. p. 78 (1839). 

Huechys trabeata. Walker, List Horn. B. M. i, p. 252 (1850). 

Body ferruginous, tegmina and wings fuscous with ferruginous veins. 

Body long, 20^ millims ; tegmina broken at the ends. 

Rei)ortcd from Java. 

There is a s|»ecimen in the Indian Museum, locality unknown. 
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Genua Scieropteba, StU. 

Hem. Afrio. iV, p. 4 (1866). 

Allied to Goeana : ulnar veins contignons at the base or anited for a 
short distance ; head scarcely narrower than the base of the thorax > 
anterior femora incrassated, spinose beneath. 

29. SCIEROPTERA CBOCEA. 

Cicada crocea, Gncrin in Voyage La Favorite, ▼, p. 159, t. 45, f. 3 (1829) ; Mag. 
Zool. p. 79, cl. ix, t. 237, f. 3 (1839) ; in Voyage La Coquille, ZooL ii (2), p. 182 
(1830). 

Hnechys crocea, Walker, List Horn. B. M. i, p. 252 (1850). 

Scioroptera crocea, Stal, Berl. Ent. Zeitsclir. x, p. 169 (1866). 

Yellow: thorax above with four reddish brown spots: abdomen 
saifron-red, more obsolete below. Feet yellow, tibiad and tarsi black. 
Tograina and wings hyaline with yellow veins. 

Reported from Bengal. 

30. SCIEROPTERA SPLENDIDULA. 

Tettigonia splendid ula, Fabricins, Syst. Ent. p. 681 (1774) ; Spec. Ins. ii, p. 
321 (1781) ; Mant. Ins. ii, p. 267 (1787) ; Ent. Syst. iv, p. 25 (1794) ; Syst. Rhyn. 
p. 42 (1803). 

Cicada splendidnla, Gmclin Ed. Syst. Nat. i, pt. 4, p. 2098 (1782) : Olivier, Eno. 
Mt'th., V, p. 756 (1790) : Germar in Thon's Archiv, ii, faso. 2, p. 45 (1830) : Guerin, in 
Voyage La Favorite, v, p. 159 (1839) ; Mag. Zool. p. 79 (1839) : Westwood in Dono- 
van's Insects China, t. 16, f. 4 (18-12). 

Huechya splcndiduhij Walker, List Horn. B. M. i, p. 252 (1850). 

Scieroptera splendidula, Stal, Berl. Ent. Zeitschr. x, p. 169 (1866) : Distant, 
J. A. S. B. xlviii (2), p. 38 (1879). 

Yellow ; thorax above with four largo blackish rounded spots. 
Tcgmina golden brown : anterior tibioe red, femora black : posterior femora 
red : abdomen sanguineous. Body long 17 : length of one teg. 19^ millima. 

Reported from N. India, Silhat, Tenasserim. The Indian Museum 
possesses specimens from Tenasserim, Arakan, and the Khasiya Hills. 

31. Scieroptera fumigata. 

Uuechyii fumigatay Stal, Of vers. Kong. Vet. Akad. F6rh. p. 244 (1854) ; Walker, 
List Ilom. B. M. Suppt. p. 314 (1858). 

Scieroptera fumigataj Stal, Berl. Ent. ZoitBchr. x, p. 169 (1866). 

Head, thorax, and scutellum black; their lateral nuirgins, a median 
patch on the thomx, and spot on the scutellum yellow : tegmiua fuseo- 
vinaceous, costa and veins weakly yellow testaceous; wings weakly 
vinaceous hyaline, abdomen and femora testaceous, the former above 
blackish. Body long 12 : exp. teg. 28 millims. 

Ileported from India. 
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Grentis Gbaptotettix, SUl. 

Hem. Afrio. iv, p. 4 (1866). 

AlKed to Gceana : teg^mina with ten apical cells : vertex twice as 
wide as the eyes : anterior femora spinose beneath ; tibiae longer than 
femora. 

32. Gbaptotettix gdttatus. 

GraptoteUix guttatus, Stal, Berl. Ent. Zeitschr. x, p. 170 (1866). 

Blackish with the frons, four oval spots on the thorax, two large 
spots on the scutellum, and the abdomen sordidly yellow : tegmina and 
wings fuscous. Body long 25 : exp. teg. 67 millims. 

Reported from the Himalaya. The Indian Museum has a specimen 
from Sikkim. 

Genus Gj:ana, Amyot & Serville. 
Hist. Nat. Ins. H^m. p. 463 (1843). 

33. GiEANA OCTONOTATA. 

Cicada octonotatay Westwood, Arc. Ent. ii, p. 34, t. 67, f. 2, 9 (1843). 
Huechys octonotaia, Walker, List Horn. B. M. i, p. 253 (1850). 

Easily recognised by the tegmina brown with four yellowish spots 
and the wings roseate. Body long 37 : exp. teg. 61 millims. 

Reported from Assam. The Indian Museum possesses specimens 
from Sikkim. 

34. Gj:ana dives. 

Tosena diveSf Westwood, Arc. Ent. i, p. 98, t. 25, f. 2 (1842) : Am. et Sorv. Hist. 
Nat. Ins. Hem. p. 464 (1843) : Walker, List Horn. B. M. i, p. 46 (1850). 

Black : tegmina with reddish veins and a median transverse, nar- 
row whitish band : wings testaceous, apical part black. Body long 25 : 
exp. teg. 75 millims. 

Reported from Silhat. The Indian Museum possesses specimens 
from Sikkim. 

35. GiEANA CONSORS. 

Oceana coMorif White, Proo. Zool. See. 1860 ; Walker, List Horn. B. M. i, p. 
253(1850). 

Close to G. festivaj but differing in the markings on the tegmina. 
Body long 29 : exp. teg. 84 millims. 

The Indian Museum possesses specimens from the Naga Hills and 
Samaguting in Assam. One specimen has the body above and below 
black without a single spot or mark except a testaceous tinge on the 
lower part of the face ; and the markings on the tegmina are dark green. 
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Si), GiEANA FE8TIVA. 

TetHgonia festivaj Fabricius, Sjst. Bhya. p. 41 (1803). 

Cicada thalassina, Peroheron, Goii. Ins. (Hem.), t. 2 (1834) : Ghi^rin, Voyage La 
CoqniUo, Ins. p. 183 (1838). 

Cicada percheroniij Guerin, loon. R5gno Animal, p. 355 (1888). 

Oman a consobrina. White, Proc. Zool. Soc. 1850 ; Walker, List Horn. B. M. i, 
I). 254 (1850). 

G(vana festiva^ Stil, Berl. Ent. Zeitschr. x, p. 170 (1866) j Hem. Fabr. ii, p. 5 
(1800). 

Black : a testaceous band across the face from eye to eye and aronnd 
each eye : four narrow longitudinal yellow lines on the thorax. Tegmina 
bluish green or greenish yellow, the radial area with a small and larger 
spot below, a median band, three confluent apical patches, and a broad 
apical limbus, black : wings white or bluish, apical part black with a 
white or bluish spot on the disc. Body long 33 : cxp. iQ^. 80 millims. 

Reported from Assam, Bengal. 

The Indian Museum possesses specimens from Darjiling and Sikkim. 
Some of these have the tegmina green, others greenish yellow, and, 
in some, the wings have the basal portion and a discal spot bright testa- 
ceous not white or pale, the size and annngement of the markings on 
the body and tegmina remaining exactly the same. 

37. Gj:ana maculata. 

Tettiijonia maculata ^ Fabricius, Syst. Ent. App. p. 831 (1775) ; Spec. InB. ft, p. 
319 (1781) ; Maut. Ins. ii, p. 2GG (1787) ; Ent. Syst. iv, p. 20 (1794) ; Syst. Ehyn, 
p. 37 (1803). 

Cicada macnlatay Drnry, 111. Nat. Hist, ii, p. 69, t. 37, f. 1 (1773) ; Gmelin, od, 
Syst. Xat. i, pt. 4, p. 2100 (1782) : Olivier, Enc. Mcth. v, p. 750, t. 112, f. 4 (1790) : 
Gorinar in Thou's Arcliiv. ii, fasc. 2, p. 12 (1830) ; in Silbermann's Bov. Ent. ii, 
p. 74 (183-0- 

Chvana maculatay Am. ct Sorv., Hist. Nat. Ins. H^m. p. 464 (1843) ; Walkor, 
List Uora. B. M. i, p. 253 (1850). 

? . Black shining : two yellow spots on vertex between the eyes, one 
below each eye : six on mesonotum, four in front, two behind. Tegmina 
black, with live spots, two basal (of wliich one within radial area is 
minute) and three larger subequal median spots, whitish yellow : a wliito 
dot in 1 — 3 ulnar and in all the apical areas except the last. Wings 
black, basal part soixlidly white and a sub-apical row of five white dots. 
A form of the <J has, instead of the dots or spots in the ulnar and apical 
ai*eas, broad smears of dirty white, and is also larger than the ordinary 
5. Body long 32: exp. teg. 92 millims, ? : body long 40 exp. teg. 
97 millims. , form last mentioned. 

The Indian ^Museum posseKSos Kpcciniens from Sikkim, Khasiya 
Uills, Samaguting, and the Dhansii'i Valley. 
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38. Gjbana sulphubea. 

Cicada stUphureaj Hope, in Royle'a 111. Bot. Him., Introd., p. liv, t. 10, f. 2 
(1839). 

Cicada pulchellay Westwood, Arc. Ent. ii, p. 34, t. 57, f. 1. (1843). 
Qceana suLphurea^ Walker, List Horn. B. M. i, p. 254 (1850). 

Black ; head, pronotum, and mesonotam spotted sulphureous : teg- 
mina and wings sulphureous for the basal two-thirds ; apical third black- 
ish-fuscous : tegmina with a blackish-fuscous median band : abdomen 
beneath and on each side at the tip, spotted yellow. Body long 38 ; exp. 
teg. 90 millims. 

Reported from Nepal and N. India. 

The Indian Museum possesses specimens from Sikkim and N. India. 

Genus Dcndcbia, Am. & Serv. 

Am. et Serv., Hist. Nat. Ins. Hem. p. 470 (1843) : StU, Hem. Afric. iv. p. 5 
(1866). 

Head triangular : f rons large, very convex, transversely sulcated, 
with a longitudinal groove in the middle : pronotum not ampliated on the 
lateral margins : cheeks without a tubercle : rostrum not or barely reach- 
ing the base of the posterior coxaB : opercula long, extending beyond the 
middle of the venter, very often to the last segment. 

This and the remaining genera of this group have been so imper- 
fectly worked out, and the synonymy is so defective, that it is impossible 
for any one in this country to do more than indicate the recorded species. 
Walker's work here is particularly untrustworthy, and his descriptions 
quite unintelligible. 

39. DUNDUBIA MANNIFERA. 

Cicada manniferay Linnasns, Mas. Ad. Fried, p. 84 (1754), exclading synonymy. 

Tettigonia vaginata^ Fabricias, Mant. Ins. ii, p. 266 (1787) ; Ent. Syst. iv, p. 18 
(1794) ; Syst. Rhyn., p. 35 (1803). 

Cicada vaginata, Gm^lin Ed. Syst. Nat. i, pt. 4, p. 2099 (1782) ; Olivier, Enc. 
M^th. V, p. 748 (1790) ; Stoll, Cig. p. 38, t. 7, f. 35 (1788). 

Cicada vireacenn, Olivier, Enc. Meth. v, p. 747 (1790) t. 110, f. 2; Walker, List 
Hom. B. M. i, p. 64 (1850). 

Dundubia vaginataj Am. et Serv., Hist. Nat. Ins. Hem. p. 471 (1843) ; Walker, 
List Hom. B. M. i.. p. 47, 1120, (1850) ; J. L. S. Zool. x, p. 84 (1807). 

Dundubia mannifera, Stal, Borl. Ent. Zoitschr. x, p. 170 (1866) : Distant, J. A. S. 
B. xlviii. (2), p. 38 (1879) ; Trans. Ent. Soc. p. 634 (1881). 

Body pale yellow-olive or virescent, spotless ; tegmina and wings 
hyaline, spotless, costa of the former black or bn)wn ; opercula almost aa 
1 ong as the abdomen, narrowed near the base, thence oval, rounded at 
the tip, testaceous or pale green, cf. Body long 43: exp. teg. 110 
millims. 

30 
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Reported from Morty, Sumatra, Tenasserim, Assam. 

The Indian Musenm possesses specimens from Java, Tenasserim, and 

Sikkim. 

40. Ddndubia microdon. 

Dunduhia mi<:rodonj Walker, List Horn. B. M. i, p. 56 (1850). 
Body long, 34 : exp. teg. 88 millims. Reported from N. India. 

41. DUNDUBIA LATERALIS. 
Dunduhia lateralis, Walker, List Horn. B. M. i, p. 61 (1850). 

Body long, 29 : exp. teg. 87 millims. Reported from SiUiat. 

42. DUNDUBIA INTEMERATA. 
Dunduhia intemerata, Walker, J. L. S. Zool. i, p. 84 (1856). 

Pale testaceous : tegmina and wings hyaline, spotless, the costa of 
the former tawny, veins green. Opercula acute, triangular, narrow, ex- 
tending to fifth ventral segment. Body long 21 : exp. teg. 72 millims. 

Reported from Singapore. 

The Indian Museum possesses specimens from Tenasserim, Dbanairi- 
valley, Sibsagar, Naga Hills, Samaguting. 

43. DUNDDBIA VIBRANS. 

Dunduhia vihranSy Walker, List Horn. B. M. i, p. 54 (1850) : J. L. 8. ZodL X, 
p. 84 (1867). 

Body pale tawny, wings colourless, pale tawny at the base ; apex 
of tegnien slightly clouded with brown. Body long 36 : exp. teg. 92 
millims. 

Reported from Silhat. 

44. DUSDDBIA NICOMACHE. 
Dunduhia nicomache, Walker, List Horn. B. M. i, p. 67 (1850). 
Body long 22 : exp. teg. 85 millims. Reported from N. India. 

45. DUNDUBIA TIGRINA. 

Dunduhia tigrin<if Walker, List Horn. B. M. i, 69 (1850). 

Body long 23 : exp. teg. 69 millims. Reported from Malabar. 
The Indian Museum ])ossesses specimens from Assam P 

46. DUXDUBIA MACULIPES. 
Dnnduhia maculipes. Walker, List Horn. B. M. i, p. 70 (1850). 

Body long 25 : exp. teg. 71 millims. Reported from N. Bongal. 
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47. DUNDUBU SAMIA. 
Jhindvhia iamia, Walker, List Horn. B. M. i, p. 77 (1850). 
Body long 28 : exp. teg. 71 millims. Reported from N. India. 

48. DUNDUBU SINGULARIS. 
Dundubia aingularis^ Walker, List Horn. B. M. Suppt. p. 7 (1858). 
Body long 19 : exp. teg. 62 millims. Reported from India. 

49. Dundubia radha. 

Dtmduhia radha, Distant, Trans. Ent. Soc. p. 634 (1881). 

Allied to D. manntfera, Linn., from which it differs by the much 
broader head, attenuated apices of the opercula, and its much larger size* 
In superficial appearance, it bears a strong resemblance to the genus 
Cosmapsaltria, {Distanty Body long 53 : exp. teg. 124 millims. 

Reported from Madras Presidency and Mussooree. 

50. Dundubia tripurasura. 

Dundubia tripurasura, Distant, Trans. Ent. Soc. p. 635 (1881). 

This species is allied to D. vibranSy Walker, from which it structu- 
rally differs by the long and subtriangular opercula. The abdomen is 
also* broader, the tegmina unspotted, and the sanguineous colour of the 
abdomen and opercula are also somewhat peculiar and distinct. (Dw- 
tant). Body long 33 : exp. teg. 85 millims. 

Reported from Assam. 

51. DUNDUBU NAGARA9INGNA. 
Duf%dubia nagarasingna, Distant, Trans. Ent. Soc. p. 635 (1881). 

Distant writes : — * I am somewhat at a loss for a closely allied 
species with which to compare it, but its distinct colour and markings 
and shape and the length of the opercula should sufficiently distinguish 
it.* Body long 39 ; exp. teg. 95 millims. 

Reported from N. W. Burma. 

52. Dundubia immacula. 

Dundubia immacula. Walker, List Horn. B. M. i, p. 50 (1850). 

Body fawn ct)lour, wings whitish. Body long 40; exp. teg. 102 
millims. Reported from Tenasserim. 

Genus Mrlampsalta, Kol. 
Melot. Ent. vii. p. 27 (1857). 
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53. Mblampsalta yarians. 

Cicada varians, Germar in Silbermann's Rev. Ent. ii, p. 59 (1884). 
Dunduhia varians, Walker, List Horn. B. M. i, p. 48 (1850) ; iv, p. 1120 (1852) : 
Soppt. p. 6 (1858). 

Dunduhia chlorogaster. Walker {nee Boisdnval), 1. c. p. 47, 9 • 
Melampsalta varians^ Stal, A. S. £. F. (4 S^.) i. p. 619 (1862). 

Reported from Silhat. 

Genns Cosmopsaltbia, StSl. 

Hem. Afric. iv, p. 5 (1866). 

In Ofvers. Kong. Vet. Aka. Forh. p. 708 (1870), StSl distributes 
this genus amongst three subgenera : — Platylomia to which C. flavtda^ 
Guerin, belongs ; Gosmopsaltria to which 0. spinosay Fabr., belongs ; and 
JJlceropygia to which C. ohtecta, Fabr., belongs. Cosmopsaltrta is closely 
allied to Bandubia ; cheeks without a tubercle ; rostrum reaching the 
base or most often the apex of the posterior cox89 ; opercula long, ex- 
tending beyond the middle of the venter. 

64. COSMOPSALTRIA OBTECTA. 

Tettigonia ohtecta, Fabricius, Syst. Rhyn. p. 35 (1803). 
Cicada ohtecta, Germar, in Thon's Archiv, ii, fasc. 2, p. 5 (1830). 
Dunduhia ohtecta, Walker, List Horn. B. M. i, p. 47 (1850). 
Cosmopsaltrta ohtecta, Stal, Hem. Fabr. 2, p. 4 (1869). 

Reported from N. India, N. Bengal, Nepal and Assam. Body long 
25 : exp. teg. b5 millims. 

Specimens in the Indian Museum are from Sikkim and Assam. 

65. Gosmopsaltria sita. 

Coamopsaltria sita, Distant, Trans. Ent. Soc. p. 636 (1881). 

It is difficult to separate this and the two following species from the 
gcnns Dnwliihla except by the length of tlie rostrum. They also resemble 
the * vihrans ' group of that genus. Body long 24 : exp. teg. 73 millims. 

Reported from S. India or Bombay. {Distant). 

56. Gosmopsaltria ddrga. 

Cosmopsaltria dnrgn. Distant, Trans. Ent. Soc. p. 637 (1881). 

This species in size and markings (excluding the spotted tegmina) 
much resembles Dunduhia iripurasnra, Distant ; the less produced 
fnmtal portion of the head and the length of the rostrum, however, place 
it in this genus {Distant). Body long 33 : exp. teg. 98 millims. 

Reported from Assam. 

57. Gosmopsaltria abdulla. 

Cnsmf^pitaltria ahdnlla, Distant, Trans. Ent. Soc. p. 639 (1881). 

This is a large and distinct species, near C. doryca^ Boisd., from 
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whicli it differs by its large size, more spotted tegmina, and different size 
and structnre of the opercula. Body long 46 : exp. teg. 116 — 122 millims. 
Reported from Penang and Singapore. 

68. COSMOPSALTBIA OOPAGA. 
Coamopsaltria oopaga^ Distant, Trans. Ent. Soc. p. 641 (1881). 

This species is also allied to G, doryca, Boisd., bnt the body is much 
broader, the tegmina are unspotted, and the shape of the opercula more 
like those of 0. ahdulla, Distant. Body long 39 : exp. teg. 96 millims. 

Reported from Burma. 

69. COSMOPSALTRIA SPINOSA. 

Tettigonia spinosoy Fabricius, Mant. Ins. ii, p. 266 (1787) ; Ent. Syst. iv, p. 17 
(1794) ; Syst. Bhyn. p. 34 (1803). 

Cicada spinosa, Olivier, Enc. M^th. v, p. 748 (1790). 

Dunduhia spinoaay Walker, List Horn. B. M. i, p. 47 (1850). 

Cosmopsaltria apinosa^ Stal, Berl. Ent. Zeitsch. x, p. 171 (1866) ; Ofvera. Kong. 
Vet. Aka. F6rh. p. 708 (1870). 

Varies much in size and coloration. Tegmina towards the apex of 
the veins sometimes immaculate and sometimes with fuscous spots. 
Reported from India. 

60. Cosmopsaltria flavida. 

Cicada fiavida^ Gn^rin, Voyaj^e Bclangor in Ind. Orient, p. 498, t. 3, f. 1, (1834) ; 
Walker, List Horn. B. M. i, p. 118 (1850). 

Dunduhia aaturata, Walker, List Horn. B. M. Snppt. p. 6 (1858). 
Cosmopsaltria flavidaj Stal, Berl. Ent. Zeitschr. x, p. 171 (1866). 

Body long 45 : exp. teg. 140 millims. Reported from Java and 
Sikkim. 

Genus Leptopsaltria, St&l. 

Hem. Afric. iv, p. 5 (1866). 

Allied to Dundiibia, Am. et Serv. ; cheeks with a tubercle near the 
apex ; rostrum extending a little beyond the posterior coxie ; opercula 
short : second and third segments of the abdomen in the i with a 
lateral tubercle. 

61. Leptopsaltria outtularis. 

Cicada guttulariif, Walker, List Horn. B. M. Snppt. p. 20 (1858), 9. 
Leptopsaltria guttularisj Stal, Hem. Ins. Philip, in Ofvers. Kong. Vet. Akak. FOrh. 

p. 710(1870), e. 

Very like L. tuherosa, Sign., but differs in the opercula being more 
obtuse, apex much less obliquely truncated, exterior apical part more 
obtuse, less produced, ventral tubercles of the S larger, black. Body 
long 13 : exp. teg. 4f6 millims. 

Reported from Burma. 
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There are several nnnamed species of this genus in the Indian 

Museum. 

Genus Pomponia, StU. 
Hem. Afric. iv, p. 6 (1866). 

Allied to Cosmopsaltrta : opercula short, somewhat transvorse : 
rostrum reaching at least to the base but most often to the apex of the 
posterior coxa). StSl (Ofvers. K. V.-A. Forh. p. 710, 1870) sepaiates 
the subgenera Pomponia and Oncotympana, 

62. Pomponia urania. 

Dunduhxa urania^ Walker, List Horn. B. M. i, p. 64 (1850). 
Pomponia urania^ Stil, Berl. Ent. Zoitschr. x, p. 171 (1866). 

Hind-scutcheon bright green ; abdomen green. Body long 34 : exp, 
teg. 83 millims. 

Reported from Hindustan. 

63. Pomponia bindusara. 

Pomponia btndiwara, Distant, Trans. Ent. Soc. p. 642 (1881). 

This species, above, resembles Dundubia vibrancy Walker, and Com* 
niopsaUria sita^ Distant. Many of these Indian species belonging to 
the genera Dundubia^ Cosmopsaltriay and Pomponia liave a common faciea 
in colour and markings which Distant thinks is probably due to mimetic 
resemblance, and which, in practice, renders their identification exceed- 
ingly difficult. Body long, 30 : exp. teg. 87 millims. 

Reported from Tenasserim. 

()4. Pomponia linearis. 

Dundubia linearis^ Walker, List Horn. B. M. i, p. 48 (1850). Var., 1. c. iv, p. IISO 

(1852). 

Dundubia ramifera, Walker, var., 1. c. p. 53 (1850) : J. L. S. Zool. x, p. 84 (1867). 

Dundubia cinHimanuSi Walker, List 1. c, p. 49 and Suppt. p. 6 (1858) : J. L. 
S. Zool. X, p. 84 (1867). 

Pomponia linearis^ Stil, Berl. Ent. Zeitschr. x, p. 171 (1866). 

Body tawny. Body long 46 : exp. teg. 118 millims. 

Reported from Silhat. 

The Indian Museum possesses a specimen from Assam. 

65. POMPONU KAMA. 
Pomponia Jtama, Distant, Trans. Ent. Soc. p. 643 (1881). 
Allied to P. transversay Walker, but much smaller, abdomen nar- 
rowed and more linear, head broader in comparison with pronotum and 
colour diffci-ent. Body long 18 : exp. teg. ij>\j millims. 
Ri>j)ortcd from N. India, Darjiling. 
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6G, POMPONIA MADHAVA, 
Pomponia madhava, DiRtant, Trans. Ent. Soo. p. &U (1881). 
Allied to P. tigroides, Walker, from which it differs by its being 
pale groeniflh and nnicolorous, the togmina broader, with the costal mar- 
gin irregnlarly ciir>'ed and not deflcxed at the termination of the radial 
veins, and also in having both the second and third abdomiiuil segments 
beneath rounded, produced and pointed anteriorly. Body long 22 : exp. 
teg. 55 millims. 

Reported from Assam. 

67. Pomponia imperatoria. 

Cicada imperntoriaf WestwwMl, Arc. Eiit. ii, p. 11, t. 51, (1S43) : Walker, List 
Horn. B. M. i, p. 47: J. L. S. 7,w)\, i, p. 83 (1S5G) : ibid, x, p. 8t (1S<57). 
Pomponia imperatoria^ Stal, Bcrl. Ent. Zoit3chr. x, p. 171 (IStJJj). 

A very large species, yellow luteous, body long 88, exp. teg. 209 
millims. 

Reported from Nepal. 

68. Pomponia tigroides. 

Pomponia tigroidcat Distant, J. A. S. B. xlviii (2), p. 38 (1870). 

The Indian Museum possesses a specimen from Tenasserim. 

Genus Emathia, St^l. 
Hem. Afrio. iv, p. 8 (18«5r>). 

Inner ulnar area of tegmina not widened towards the apex ; apical 
cells one and two extcMidiiig equally far forward ; thorax widened at the 
baAO : tympana chiefly exposed ; operoula short : anterior femora spinosu. 

09. Emathia jEOROta. 

Emathia oigrota, Stal, Bcrl. Ent. Zeitschr. x, p. 172 (1860). 
Body long 20 : exp. teg. 50 millims. Reported from Bombay. 

Genus Cicada, Linn. 

Linnaciu, Syst. Nat. i, p. 704 (17G0) : Stsl, Kiu. Jan. I [cm. ii, p. 19 (1802) 
Ofrcn K. V. A. Forh. p. 71 1 (187u). 

70. Cicada stbtincta. 

Cicada tubtincta, Walkor, List B. M. i, p. 117 (1S50). 
Body long 32: exp. teg. 105 millims. Ilcj)*)rted from Silhat. 

71. Cicada As.fix, 

Cicada anrra, Wnlkrr, I. c, p. 2u7 (IHoi)). 
Body long 13: exp. teg. UJ millims. lli^fMiHiMl fnim N. Ili>ni;al. 
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72. Cicada aurata. 

Cicada aurata. Walker, 1. c, p. 215 (1850). 

Body long 17 : exp. teg. 42 millims. Reported from Assam. 

73. Cicada subvitta. 

Cicada suhintta, Walker, 1. c, p. 222 (1850). 
Body long 16 : cxp. teg. 38 millims. Reported from N. India. 

74. Cicada ferruginea. 

Cicada ferruginea, Olivier, Enc. M^th. v, p. 750, t. 112, f. 1 (1790) ; Stoll, Cig. 
p. 65, t. 16, f. 86 (1788) ; Walker, List Horn. B. M. i, p. 117 (1850). 

Reported from India. 

75. Cicada xaktes. 

Cicada xanteSy Walker, Liat Horn. B. M. i, p. 198 (1850). 

Body, dmms, and legs tawny : wings colourless, veins yellow. Body 
long 17 : exp. teg. 48 millims. 
Reported from N. India. 

76. Cicada maculicollis. 

Cicada maciiUcoUis, Gnorin, Voyage La Coqoille, Zool., p. 183 (1880) ; Walker 
List Horn. B. M. Suppt., p. 28 (1858). 

Body long 24 : exp. teg. 65 millims. Reported from BengaL 

Genus Crtptottmpana, St&l. 

A. S. E. F. (4 S^r.), i, p. 613 (1862).— Hem. Afric. iv, p. 6 (1866). 

77. CRTPTOmiPAXA RECTA. 

Fidicina recta, Walker, List Horn. B. M. i, p. 79 (1850) 9 . 

Cryptotympana recta, Distant, J. A. S, B. xlviii (2), p. 40, t. ii, f . 4 (1879), ^ . 

Body long 32 : exp. teg. 95 millims. Reported from Silhat and 
Tenasserim. 

The Indian Museum possesses a specimen from Tenasserim. 

78. Crtptottmpana vicina. 

Cicada rtctwa, Signoret, Rev. Mag. Zool., p. 410, t. 10, f. 4 (1849). 
Fidicina vicina, Walker, List Horn. B. M. i, p. 90 (1850). 
Cryptotympana vicina, Stal, A. 8. E. F. (4 S6r.) i. p. 613 (1862). 

Reported from Silhat. 

The Indian Museum possesses specimens from the Bhutan Du&rt. 
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79. Cetptottmpana immaculata. 

Cicada immaculata, Olivier, £no. M^th. ^ p. 749, t. 112, f. 7 (1790) : Stoll, Gig. 
p. 40, t. viii, f. 89 (1788) : Signoret, Rev. Mag. Zool. p. 410 (1849). 

Fidicina immaculatay Walker, List Horn. B. M. i, p. 90 (1850) ; iv, p. 1121 (1852). 
Cryptotympana immaculata, St&l, A. S. E. F. 4 S6r. i. p. 613 (1862). 

Reported from N. Bengal. 

80. Cryptotympana intermedia. 

CiccUla intermedia, Signoret, Mag. Bev. Zool. p. 406, t. 10, f. 2 (1849). 
Fidicina intermedia. Walker, List Horn. B. M. i, p. 90 (1850). 
Cryptotympana intermedia, St&l, A. S. E. F. 4 S^r. i. p. 613 (1862). 

Abdomen reddish yellow with a blackish band on each segment : 
allied to C. atratUy Fabr. 

Reported from Tenasserim. 

Genns Fidicina, Amyot & Serville. 

Amyot et Serville, Hist. Nat. Ins. H^m. p. 472 (1843) : St^l, Rio. Jan. Hem. ii, 
p. 18 (1862) ; Ann. Soo. Ent. Fr. (4 s^r) i, p. 614 (1861) ; Hem. Afrio. iv, p. 7 
(1866) ; Distant, Biol. Cen. Amor. p. 16 (1881). 

81. Fidicina operculata. 

Cicada operculata, Carreno. 

Fidicina operculata, Walker, List Hom. B. M. i, p. 90 (1860). 

Reported from N. India. 

The Indian Museum possesses a specimen. 

82. Fidicina corvus. 

Fidicina corinw, Walker, List Hom. B. M. i, p. 86 (1850). 

Reported from Silhat. Body long 29 : exp. teg. 113 millims. 

The Indian Museum possesses a specimen of the V from Silhat. 

Genus Tibicen, Latreille. 
Latreille, Fam. Nat. p. 426 (1825) : Stal, Hom. Afric. iv, p. 26 (1866). 

83. TiBICEN AURKNOZBBE. 
Tibicen aurenijzehe, Distant, Trans. Ent. Soc., p. 646 (1881). 
Body long 18 : exp. teg. 48 millims. Reported from Bombay 
Presidency. 

84. Tibicen apicalis. 

Cicada apicalie, Gormar in Thou's Archiv, ii, fasc. 2, p. 8 (1830) ; in Silber- 
mann't Bev. Ent. ii, p. 63 (1834) ; Walker, List Hom. B. M. i, p. 161 (1850). 
Tibicen apicalis, Stil, A. 8. E. F. 4 S6r., i, p. 618 (1862). 

Body long 18: exp. teg. 48 millims., ?. Reported from N. India. 
The Indian Museum possesses a specimen from Calcutta. 
31 
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Genus Mckjaxxia, Amvot & Serville. 

ft 

Amror et Sorville, Hist. Nat. Ins. Hem, p. 407 (1843) : Stil, Hem. Afric. ir. p. 5 

(l^Ofi). 

85. MOGANNIA ILLUSTRATA. 

Mogannia illustratn, Am. et Serr., Hist. Nat. Ins. Hem. p. 4G7, t. 9. f. 4 (1843) ; 
Walker, List Horn. B. M. i, p. 248 (1850). 

Body uniform ferruginous brown : basal lialf of tegmina and a small 
semicircular patch on the tips, transparent yellow, a brown transverse 
band across the middle. Body long, 12 millims. 

Reported from N. India. 

80. Mogannia recta. 

3To(jannin recfa^ Walker, List Horn. B. M. Suppt. p. 39 (1858). 

Abdomen with a red band on the posterior border of each segraeni. 
Body long, 12 millims. 

Reported from Hindustan. 

87. Mogannia oblxqua. 

Mogannia ohliqua, Walker, List Horn. B. M. Snppt. p. 39 (1858). 

? . green mostly reddish beneath : abdomen reddish with a spot on 
each side near the base. Pronotum and mesonotum with some testaceous 
marks. Body long, 14 : exp. teg. 41 millims. 

Reported from Hindustan. 

88. Mogannia venustissima. 

Mogannia vemttttittitima, Stal, Ofvers. Kong. Vet. Aka. F6rh. p. 154 (1865). 
Coerulean or metallic black. Tegmina with the veins at the base 
pale sanguineous, before the middle black, thence sordid straw-colonr : 
wings with the veins at the base sanguineous and thence piceous. Body 
long, 1 6 : exp. teg. 37 — 41 millims. 
Reported from E. India. 

89. Mogannia funebris. 

Mogannia funehriit, Stal, Ofvers. Kong, Vet. Aka. Fdrh. p. 155 (1805). 
Aeneous black. Tegmina, before the middle, black with the basal 
areola and a band towards the apex of the black part sordid lutescent. $ 
Body long, 19 : exp. ieg. 46 millims. 
R<?ported from Silhat. 

90. Mogannia indicans. 

Mogannia indicans. Walker, List Hom. B. M. i p. 249 (1850). 
^ bright or dark red, 9 black. Tegmina with a broad Imsal bmwn 
bnnd, veins yellow. Body long 12 — IG: exp. tog. 35—40 millims. 
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Reported from China. 

The Indian Museum possesses specimens from Sikkim. 

91. MOGANNIA LOCUSTA. 
Cephaloxys /ociwfa, Walker, List Horn. B. M. i, p. 236 (1850). 

Body ferruginous beneath and abdomen pale tawny. Body long 50 : 
exp. teg. 85 millims. 

Reported from E. India. 

92. MuiJANNIA LACTEIPEXNIS. 
Cephaloxys lacteipennis, Walker, List Ilom. B. M. i, p. 237 (1850). 
Body luteous : abdomen black with the hind borders of the segments 
tawny : tegmiua and flaps white, opaque, luteous at the base. Body long 
36: exp. teg. 97 millims (?). 
Reported from N. India. 

93. MOGANNIA yUADRlMACULA. 
Cephaloxys quadrimacula. Walker, List Ilom. B. M. p. 238 (1850). 
Body bright tawny : hind margins of abdomen having the borders 
of the segments with slender interrupted reddish bands, a broad j)ule 
tawny band near the tip and beneath, piceous. Body long 30 : exp. teg. 
53 millims. 

Reported from N. India. 

94. M. TERHSICHOKE. 
Cephaloxys terpsichore. Walker, List Horn. B. M. p. 239 (1850). 
Body apple-green : abdomen with two last segments pitchy above : 
tegmina colourless, tinged with brown towards the tips, costa green. 
Body long 25 : exp. teg. 74 millims. 
Reported from p]. India. 



CoKUKCTiox xsit Addition. 

Page 213, 4 lines from top of pftj?e,/or " .mcuuakica," r^vr.f '' DisTr\('T\," the 
former of these names being praeoceupied ; and, between the lUth 
and 11th lines from bottom of paj^e, insert 
** 5* PlATYPLEUKA NICOIiARlCA. 
Platypfeura nimhnrint, Bnth'r. Ann. A Matf. Nat. Hint. April, 1H77. 
Ri»p<>rted from the Nicobars." 
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X. — I/i^t of the Lepidopterous Insects collected in Caehar^ by Mr. J. 
Wood-Mason, Part I, — Heterocera. — By F. Moore, F. Z. S., 
A. L. S. Commumcaicd by the Natural History Secretary. 

[Kcccivud August 2Gth ;— Read December 8rd, 1884.] 

Sphinges. 

1. Macroglossa be lis, Cram., Pap. Exot. i. pi. 94, fig. C. 

2. Macroglossa luteata, Butler, P. Z. S. 1875, p. 241, pi. 37, 
fig. 6. 

3. Macroglossa gilia, H. Schfeff., Samml. Exot. Schmett. pi. 23, 
fig. 107. 

4. Macroglossa gyrans, Walk., Catal. Lcp. Het. Brit. Mus. viii, 
p. 91. 

5. LoPHURA pusilla, Butler, P. Z. S. 1875, p. 244. 

6. H.BMARis HYLAS, Linn. (Cram., Pap. Exot. pi. 148, fig. B.). 

7. Calymnia panopus, Cram., Pap. Exot. pi. 224, fig. A, B. 

BOMBYCKS. 

8. Mr.LiTTiA EruYTiox, Westw., Cab. Orient. Ent. pi. 30, fig. 5. 

9. EusEMiA COMMUNIS, Butler, Ann & ^lag. Nat. Hist. 1875, p. 140, 
pi. 13, fig. 1. 

10. EusEMiA hellatrix, Westw., Cab. Orient. Ent. pi. 33, ^g. 2. 

11. Nyctalemon zampa, Butler, Ent. Monthly Mag. v. p. 273. 

12. Syxtomis atkinsoni, Moore, P. Z. S. 1871, p. 245, pi. 18, fig. 2. 

13. EucHROMiA POLYMENA, Linn. (Cram., Pap. Exot. pL 31, fig. D. 

14. MiLiONiA ZONEA, Moore, P. Z. S. 1872, p. 569. 

15. Nyctemera lacticinia. Cram., Pap. Exot. pi. 128, fig. E. 

16. PiTAsiLA VARiANS, Walker (Butler, Types Lep. Het. B. M. ▼. 
pi. 88, fig. 4). 

♦17. Trypujeromera plagifera. Walk. (Butler, 1. c, pi. 88, fig. 3). 

18. EuscHEMA militaris, Liiin. (Cram., Pap. Exot. pi. 29, fig. B). 

19. HiSTiA PAPiLiONARiA, Guorin, Mig. de Zool. 1831, p. 12. 

20. Cyclosia PAPiLiONARis, Drur}-, Exot. Ins. pi. 11, fig. 4. 

21. Cyclosia panthona. Cram., Pap. Exot. pi. 322, fig. C. 

22. Chalcosia arqentata, Moore, Desc. Lep. Coll. Atkinson, p. 17. 

23. PiDOKUS «L.\ucOPis, Di-ury, Exot. Ins. pi. 6, fig. 4. 

24. Hetekusia maunifica, Butler, Trans. Ent. Soc. 1879, p. 5. 

25. Hetekl'SIA lducla, Dbleday, Zoologist, ii, p. 469. 



1884.] F. Moore— Lw/ of Moths from Cachar. 235 

26. Devaxica bicolor, Mooru, n. sp. 

Female : fore wing black, crossed by a yellow outwardly obliqae 
medial band ; veins indistinctly lined with bine : hind wing yellow, with 
a black marginal band, which is broad and truncated at the apical end 
and very narrow at anal end ; base of wing also slightly black. Body, 
legs, and antennsB bluish-black. Expanse 1^ inch. 

This species is nearest allied to 1), risa (Etcrusia rifta, Dbleday) . 

27. PiNTiA PERRKA, Walk. (Butler, Types Lep. Het. B. M. pi. H3, 
fig. 7. 

28. Trypanophora humkralis. Walk., Catal. Lep. Het. B. M. vii, 
p. 1593. 

29. Hypsa a LCI ph RON', Cram., Pap. Exot. pi. 183, fig. E. 

♦30. Hypsa plaoixota, Butler, Types Lep. Het. B. M. pi. 87, fii^. 7. 

31. Hypsa helicoma, Linu. (Walk., Catal. Lep. Het. B. M. ii, 
p. 452. 

32. Hypsa clavata, Butler, Ti-ans. Eut. Soc. 1875, p. 317. 

33. Hypsa maumorka. Walk., Catal. Lep. Het. B. M. p. lf>74. 

34. Philona inops, Walk. (Batler, Types Lep. Het. B. M. pi. 8?, 
fig. 6). 

35. BizoNK BiANCA, Walk., Catal. Lep. Het. B. M. vii, p. 10H4. 

36. Barsine (JRAtiosa, Guerin, Dele.ssert'8 Voy. pi. 26, i\fi^. 1. 

37. Barsixe coxjlxctaxa. Walk, {ttsstllata, Butler, Types Lep. 
Het. B. M. pi. 86, f. 12). 

38. Alope ookllifera, Walk., Catal. Lop. Het. B. M. iii, p. 620. 

39. Aloa saxgl'ixolenta, Eabr., Ent. Sy.st. iii, 1, p. 473. 

40. Creatoxotls DiMixuTA, Walk. (Butler, Types Lep. Het. B. M. 
pL 85, fig. 5). 

41. Rhodogastria astrea, Drury, Ins. ii, pi. 28, fig. 4. 

42. Orgyia aluifascia. Walk., Catal. Lep. Het. B. M. Suppl. p. .S25. 

43. Artaxa subfasciata. Walk., 1. c. Supj)!. p. 332. 

44. Redoa submarginata, Walk. (Butler, Tyjies Lej). Het. J{. M. 
pi. 89, fig. 3). 

45. Perixa basalis. Walk., Catal. Lep. Het. B. M. iv, p. 96t». 

46. NuMKXES ix.siGXis, Moore, Catal, Lep. E. 1. C. ii, pi. 1(», W^. 6. 

47. Lymaxtria OH.soLtTA, Walk., Catal. Lep. Het. B. M. iv, j>. >^s«j. 

48. Trabala visiixr, Lefebvre, Zool. Jourii. iii, p. *2u7. 

49. Dreata testacea, Walk., Cutal. Lep. Het. H. M. iv, p. IM*."). 

50. Cbicula trifkxkstrata, Heifer, Jourii. As. Soc. Beu^r. l>73, 
p. 45. 

51. APHEXDAfiA PIVAIilC.MA, ^[o(>l*e, \\. sp. 

Female. IJppernide |>ale purplish browiiisli oeliivons : fnrt^N inc: 
with a slender dark oohreous- brown hand curviiiu' upwar*! fmin p.sU!- 
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rior iimrgin at one-third from tlie base to one-third before the apex, Jind 
from which a stndght erect sinylar Imnd extends fi'om its costal oud to 
the posterior angle. Body dark ochrt»on8-brown. Expanse If inch. 
Taken at Silcun. 

5ii. Nataua i{r<insA, Walk. Catal. Lep. Het. B. M. v. p. 1109. 

[.53. Zkl'zkua, sp. The larva?, pupa*, and perfect insects observed 
by J. Wood -Mason. The * borer' of tea-plant<.»r8.]. 

NOCTUES. 

54. Prodknia ciLUiKKA, Gucn., Noct. i, p. 164. 

55. Amyxa sKLKNAMi'iiA, Guen., Noct. i, p. 406. 
50. Alamis l'mhkixa, Guen., Noct. iii, p. 4. 

57. Xanthodks tkaxsvkrsa, Guen., Noct. ii, p. 211. 

58. Vakxia kjxita, Walk., CaUil. Lep. Het. B. M. xxxiii, p. 825. 

59. AxoiMiiA oLivKsciixs, Guen., Noct. iii, p. 48. 
GO. Athyiima, sj). ? 

61. Calksia H.r.MOiMMioPA, Guen., Noct. iii, p. 258. 

62. Rkmujia KRUiJALis, Fabr. (Walker, Catal. Lep. Het. B. M. xiv, 

p. 1507). 

63. Rkmksia AiionKsiA, Ci-am., Pap. Exot. pi. 273, fig. F. G. 

64. Callyxa JAtJUAKiA, Walk., Catal. Lep. Het. B. M. xiii, p. 

1809. 

65. S'- IMTKA srHSTia'Kxs, Walk., 1. c. xiv, p. 1276. 
i\t). LY<;xini>i:s UYrnLKL'CA, Guen., Noct. iii, p. 125. 

67. AKtJiVA iiiKitoGLYPHicA, DruiT, p]xot. Ins. ii, pi. 2, fig. 1. 

(>H. Nyctitao cki:pi;.sci:lakis. Cram. (Walk., Catal. Lep. Het. B. M. 

xiv, i>. 130 1). 

6\). NY<TirAO oitLiTKKAX.s, Walk., 1. c. xiv, p. 1307. 

70. Hl'lodks cak.vnka. Cram., Pap. Exot. pi. 269, fig. E. F. 

71. Lauoptkka hoxesta, Hubn. (Walk. Catal. Lep. Het. B. M. 
xiv. p. 1352). 

♦72. Ophidkiiks salaminia, Cram., Pap. Exot. pi. 174, fig. A. 

73. OrillOKUKS Kl'LLOXlCA, 

74. SpiKAMA ('0iL?:i{KXS, Walk., Cat^il. Lep. Het. B. M. xiv, p. 

1321. 

[75. KrMKTA CKAMKUi. The larvft^ observed by J. Wood-Mason. 

The 'leaf-insect' of planters.] 

I 7(>. Ei'MKTA. sp. The lar^JV observed by J. Woinl-Mason. Tho 

' stick-inseet ' of planters.] 

Gi:omkti;ks. 

77. liAiJYKA TALA<'A. W:ilk., Catal. Lep. Het. B. M. xx, p. 59. 
7s. UirvrTKinx ri:ot'(»ii i.i;aia, Kollar, Hiigel's Kasch. ix, p. t83. 
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79.' BuzURA MULTiPUNCTARiA, Walk., Catal. Lep. Het. B. M. xxvi, 
p. 1531. 

80. Elphos scolopaica, Drury, Exot. Ins. ii, pi. 22, fig. 1. 

81. Macaria NORA, Walk., Catal. Lep. Het. B. M. xxiii, p. 934. 

82. Naxa TEXTiLis, Walk., 1. c. vii, p. 1743. 

83. MiCRONU CASEATA, Gucn., Plial. ii, p. 27. 

84. ;Micronia aculeata, Gu6n., 1. c. ii, pi. 13, fig. 8. 

85. Aroyris ocellata, H. Sch. (Walk., Catal. Lep. Het. B. M. 
xxii, p. 807. 

86. Acidalia, sp. ? 

87. Abraxas martaria, Guen, Phal. ii, p. 205. 

Pyrales. 

88. AsTURA punctiferalis, Guen., Delt. et Pyral. p. 320. 

89. EuGLYPHis PROCOPiALis, Cmin., Pap. Exot. pi. 3G8, fig. E. 

Crambices. 

90. Apurima xantuogastrklla. Walk., Catal. Lep. Het. B. M. 
xxvii, p. 194. 

Tixeines. 

•91. Nosvmxa rki'Lktklla, Walk., Catal. Lep. Het. B. M. xxix, 
P.83L 

92. Saoora KUTiLKLLA, Walk., Charactei-s of Und. Lep. Het. p. 101 
(1869). 

[The insects before whose names an asterisk (*) is prefixed were 
captured on Nemotha, a peak of the North Cachar Hills about 3300 feet 
lligb. All the rest were taken at Silcuri, Bomkhai, Silduby, Dharmkhal, 
Dnigakuna, Doarbun, Irangmara, Doloo, Subong, and other tea-gardens 
in the plains. The only species of any interest to tea-planters are the 
Zeuxera and the two case-bearers belongintr to the genus Eunipfa, descrip- 
tioDS of which will be published hereafter elsewhere. J. W-M.] 



rr -^j. 
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XI. — Revised SynapsU of the Species of ChoemdodiB, a remarkable Ochiu 
of Mantodott cominojt to India and Tropical America. — By J. WoOD- 
MasON, Oxidating Superintendent of the Indian Muieum, and Pro- 
fetior of Comparative Anatomy in the Medical College, Caiettlta. 

(With 16 WoodcntB.) 
Since the former version of this Synopsis was pnblished, some 
additional material has fallen into my hands, by the aid of which I hare 
been enabled to establish the existence of two distinct Indian species, 
and to identify with certainty a larva which 1 had previonsly ass^ned 
with hesitation to Ch. rhombicoUis. 

Two Indian species have been described, one by Fabricina nnder 
the name of Mantis eaneellafa, and the other by De Saassnre as Oh. 
squilla from a perfect male insect and a larva. The recent discorery of 
the true female of the latter proves that the iDsects I had preTiooalj 
considered to be females and abnormal mates of it represent a different 
species, to which I have the less hesitation in applying the Fabrician 
name that Prof. Westwood has named a female from Sangor in the 
Oxford Mnsenm Oh. eaneelluta. 

De Saussnre liae described and fignrod one of the remarkable UrVB 
of the genus — that of his Ch. sqnitia — , and pointed out the close rason- 
blance it bears to that of an Amorican species ; De Borre has reoeuUy 
figured a larva of Ch. rhombiollis which is nearly intermediaf* in igfl 
between my fignres 3 and 4 ; a larva of Ch. rhombvidea is preserved in 
the British Museum ; and I give Bgnres of the larvte of three additional 
species and also of an earlier stage of Ch. s^uilla ; so that, counting the 
larva of Ch. slrumaria figured by Merian, larvre of no less than 7 oat of 
the 9 S|i<-cii'S rccoirnizud by me are imw known. 





Vin- 2. Fiir. 3. Pig. 4. 

Ilaltt. Ch. i-runit*ri. Ch. -.-rfi'Hci. Ch. iqviUa. 

a nvm|)li. J iiympli. i nympb. J nymph. 

Tlie close similarity of these Inrvio to one another famishes a 
iiiii-kuble coiitirmatiuii of the vjeu- th.il Miu udiills are ciiiii,i>nei'ic. 
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I Genus Ch«radodis, Serville. 
A. Forefemara without a black blotch on the inner side. 

1. Chceradodis strdmaru. 

Madame Merian, Ins. de Sarinam, 1726, tab. 27, $ et nymph. 
Boesel von BoRenhof, Der monatlich-heransgegebenen Insecten Bolnstigung, 2tor 
Then, 1749, Locust tab. iii, fig. 1 et 2, 9 et nymph (copied from Merian). 

Mantis strumariay Linn., Syst. Nat. Ins. t. i, pt. ii, 1767, p. 691, no. 13, ?. 
Pabr., Ent. Syst. ii, 1793, p. 18, no. 21, 9 . 



cancellataf Stoll, Spectres et Mantes, p). xi, fig. 42, $ (non Fabr.). 



ChcBTododis cancellata, Serville, Hist. nat. des Orthopt. 1839, p. 206, $ (non 
Fabr.). 

cancellata, Saussure, Mant. Americ. p. 19, d*» ?• 

strumaHa, Wood -Mason, J. A. S. B. xlix, pt. ii, p. 82, 1880, ? . 

Madame Merian was the first to figure a species of this genus. 
Her figures were named and described by Linnaeus, whose description 
applies to the perfect female insect, his name having obviously been 
suggested by a fanciful resemblance of the swellings on the sides of the 
pronotum in the supposed nymph to series of scrofulous tumours 
{strumce) . 




Fig. 5, 9 . 

The accompanying outline drawing of the pronotum of a specimen 
when superposed upon the same part of Merian's figure, accurately coin- 
cides therewith. 

StolUs figure 42 without doubt represents a specimen of the same 
species. 

Hab Cayenne ( 9 , Serville) ; Surinam ( $ , Merian^ Stoll ; d 9 , De 
Saussure). 

B, Fore femora with a black blotch on the inner side. 

(a.) Th£ blotch on the Imver half of the joint (American). 

In the females of the following two species, the posterior angles of 
the pronotal expansions are broadly rounded and are not produced back- 
wards beyond the level of the hinder end of the primitive pronotum. 
32 
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2. Chceradodis bhombicollis. 

Mantis rhomhicoUiSy Latr. in Voy. de Hoinb., Zool., Ins. p. 103, pi. 39, figs. 2, 3, ^ . 
Chosradodis peruvianaf Serville, Hirt. nat. des Orthopt. 1839, p. 207, ^ . 

strumariOf Stal, Syst. Mant., 1877, p. 15, ^ ^ • 

rhomhicolliSy Wood-MasoD, 1. c. p. 82^ $. — De Borre, Liste dei 

Mant. Mns. Roy. do Belg. 1883, p. 5; et Comptes-rendns See. Ent. Belg. Nov. 1888, 
9 et nymph fig. 

The blotch commences, in both sexes, near the base of the femur, 
extends through the ungual grooTe nearly to the middle of the joint, and 
is there succeeded by a marginal row of black points in contact with the 
bases of alternate spines. 





Fig. 7, 2. Pig. 6, s. 

Hab. 6 9 , Guayaquil, in the collection of the British Miueiim ; 
New Granada (d 9 , St&l) ; ? et nymph, Ecuador, in Mus. Roy. Belg. 

3. Choebadodis sbbtillei. 

Wood-Mason, 1. c. p. 83, $ et nymph. 

9 . Closely allied to the preceding, from which it differs in haying 
the marginal field of the tegmina proportionately narrower, and in the 
smaller size, as well as in the different shape, of the femoral blotch, which 




Fig. 8, ? . 

is small and oval, commences just beyond the ungual groove, and is fol- 
lowed by a marginal row of small black points. 

Hab. 2 9 > Cache, Costa Rica, in the collection of Messrs. (}odmaii 
and Salvin and of the Indian Museum ; nymph (Fig. 3), Chiriqui, in the 
collection of the Indian Museum, Calcutta. 
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4. Ch(eradodis brunneri. 

Wood-Mason, J. A. S. B., 1882, xli, p. 21, 9 et nymph. 

$, Closely allied to Ch. rhombicollis, Latr., and Ch. ServilUi, W.-M., 
differing from both in the size, shape, and position of the femoral blotch, 
which is nearly thrice as long as broad, extends rather farther in front 
of the ungual groove than it does behind it, and is followed by four black 
poncta arranged along the lower margin of the joint at the bases of alter- 
nate spines), and in having the posterior margin of the pronotum slight- 




ly convex instead of concave ; from the former in its much narrower and 
from the latter in its rather broader t<jgmina ; and from the latter in the 
upper margin of its fore femora being coarsely granulated, and sinuous 
instead of straight, in which latter respect it approaches the forniei*. 

Had. 9 and nymph (Fig. 2;, Santa Fe de Bogota, New Granada, in 
coll. Ind. Mus. Calcutta. 

In the females of the next two species, and, in all probability, in those 
of Ch, rhomboidea also, the posterior angles of the pronotal lamellte are 
ronnded-angulate and produced backwards, so that the hinder end of the 
jnrimitive pronotum projects in the bottom of an angular emargination. 

5. CH(£KA1)0DIS laticollis. 

Chceradodis laticollis, Servillo, Revae, p. 24; Uist. nat. des Orthopt. 1S39. p. 
208, pi. iv, fig. 2, 2 . 
. Saasnare, Mantos Amoric. p. 20, 9 • 



ftrumaria. Id , ibid. p. 18, c^. 

laticollis, Stal, Syst. Mant. 1877, 17, 2 . 

Wood-Mason, J. A. S. B. 18HC>, vol. xlix, pt. ii, p. 83, (f 9 . 



The blotch is situated, in both sexes, just beyond the ungual groove, 
18 oblong-rhoml)oidal in shape, and is followed by two black points on the 
bases of alternate spines ; there is a fuscous speck at the end of the stig- 








matal spot of the tegznina ; and the anter\>-L*;e:al niarsriris of iLe prono- 
tal lamellae are arcuate or conTex, especially in the feciale. 

Hab. 5 i, b 9, Ecuador, in the collection of the Indian M:isenin, 
Calcutta; Pern (?, Stal; ; Cayenne (9, Serrillc et Stil> : Surinam 
( ^ , Saussure). 

6. Choeieadodis stjllu. 

Wood-Ma«m, 1. c. p. 83. J $ . 

Differs from the preceding in the shape of the blotch ^ which ii 
pointed at both ends and commences in the nngnal enx^re. and on either 
.*-ide of which the femur is pale Inteous-yellow instead of Wing clouded witk 
fascous; ; in being without a fuscous speck at the disial end of tlit 





Fig. 13, S . Fig. 12, c . 

stigma ; in its shorter and difTerenily shaped faci;il shield : and in bavins; 
tbe ante ro- lateral margins sinuous-concave and the lateral angles of the 
pronotal expansions more broadly rounded off. 

Hab. 1 ^, -4 *, Ecuador, in the Museums of Calcutta and Oxford. 

7. CHtZKADODlS RHOMr««II'KA. 

yitT,t'M^ rhr>m>oid€a, Stoll, Spoctres et Mantes, pi. x\. Hj:. 4o. <f - 
Chrrcdodis rhomboideOy Wood-Mason, 1. c. p. 84. <? . 

A male insect from Para, in the British Mustum, agrees neither witb 
Saussure's description {^luc. gupra cit. p. 18), nor with any of the speci* 
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in the Indian Museum ; it more nearly approaches S toll's figure, 
therewith in the points in which it differs from the former. 

The blotch commences in the unguafgroove, thence extending as far 
aloiig the fen^ur as in the preceding four species, but it is not followed 
tsfj a marginal row of black points. The pronotal lamellaa have no poste- 
zior angles, their postero-lateral margins dwindling away to nothing 
posteriorly. 

Hab. ^ , Pard, in the collection of the British Museum. A nymph, 
from Ega, in the same collection, probably also belongs to this species. 

This species is nearest allied to Ch. laticollis, 

(P.) The blotch on the upper half of the joint (Indian). 
8. Chceradodis cancellata. 

Mantis cancellata, Fabr., Ent. Syst. ii, 1793, p. 18. 

Chceradodis squillttf Lucas, Ann. Ent. Soc. Fr. 5 s^r. ii, 1872, p. 32, 9 . 

— ■^— — ^— Wood-Mason, 1. c. p. 48 (ex parte). 

Pronotum dissimilar in the sexes, being much less dilated in the 
male than in the female ; its antero-lateral and postero-lateral margins 
not forming an angle at their junction in the female. 

Femoral blotch narrower, confined to the foliaceous crest of the 
joint, and bordered below by a band of enamel- like bright emerald-green. 
In the shape and extent of the pronotal expansions, the male of this 
0pecies much resembles the same sex of Chceradodis rhomboidea, differing, 
i however, strikingly therefrom in its much shorter pronotum. The female 
approaches and differs from those of Chieradodis rhambicollis and its 
allies in the same respects. 

Hab. India (Fabricius) generally, from Ceylon, through Madras and 
Central India (? in coll. Hop. Oxon.), to the banks of the Killing River 
cm the N. E. Frontier (nymph [Fig. 1] in coll. Ind. Mus. Calc.) 

Obs. A specimen of this species in the British Museum is errono- 
ooalj labelled ** limzil." 

9. Cho-iradodis squilla. 

Charradodis xquillay Saussuro, Mel. Orthopt. t. i, 3mo fasc. p. IGl, pi. iv, fijr. 3^ 
8a, (^ et nymph. 

? Lucas, Ann. Entom. Soc. Fr. 5 ser. t. ii, 1872, p. 32, 5 . 

«— Wood-Mason, 1. c. p. 84 (ejf parfrj. 

Pronotum similar in tlie sexes, it.s j)()ston)-iutei*aI forming" with Hh 
antero-lateral margin a distinct angle in both ; that of the male dLfferiu"' 
from that of the female only in being ratiier less exjmnded, and conse- 
quently less convex, posten)-liiteralIy. 

Femoral blotch broader, exlendinjjf on to the primitive femur uj) to 
the inner end of the uneciuiil groove and not bordered with green. 
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It is mDch more probable that the insect obtained b; M. JanRen in 
the neigh bonrhood of Madras and deecribed by Lucas ae the opposite sex 
of De Saussare's species is a female of the preccdiDg than of this species. 

Had. Ceylon, ^ et nymph in Qeneva Museum, S $ and lama in 
Maaeums of Calcutta and Colombo. 

I am indebted to the courtesy and liberality of tho Trustees of the 
Colombo Muaenm for perfect insects and nymphs, and to Mr. P. M. 
Mackwood for a nymph of this species. 

lo Fig. 14, the left lateral angle has been much too ronnded off by 
the engraver ; it should be like the right. 
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EBBATA. 






Page 17, sixth lino from top, for " ruro " read " roro." 

„ „ sixth line from bottom, for ** tripnpilled " read " bipnpilled." 

„ „ five lines from bottom, for " lyccena " read " lycasnina** 
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II 



II 



, , _ ^ _ ^ ^ _ — _ 4 4 

19, ten lines from bottom, omit the word " and " after " oonspicnons.'* 
23, thirteen lines from top, for *' subbasal " read ** snbanal." 



24, foorteen lines from top, for " bracteala " read '* bracteaia,** 

26, fourteen lines from bottom, for " near " read " nearer." 

27, eleven lines from top, for *' black " read " band." 

28, eleven lines from top, for " Itmulifer " read lunvliftra" 
88, ten lines from top, for " Gatal. Lyo, Brit. Mns. p. 8. pi. 8, fig. 92, 98 

(1862)," read ** lUos. Diom. Lep., LycoBthidcet p. 14^, pi. Sb, figs. 48, 49 

(1869)." 
I, 40, twelve lines from bottom, substitute a hyphen for the comma between 

the words " cell " and " streak." 
i» 41, fifteen and fourteen lines from bottom, for " ▲B8BN8 " and " ab««nii " 

read " abssus " and " ahaeus." 
48, twelve lines from top, for '* 564 " read ** 594." 



„ 52, two lines from top, for " xxii " road " zii." 



